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RAINFALL CHARACTERISTICS AND THEIR RELATION 
SOILS AND RUN-OFF* 


Investigators projects involving either flood control the development 
water resources frankly recognize the need for additional records 
primary rainfali observations, and also for fuller use those already col- 
lected and published. 

Ever-increasing and voluminous reports appear from time time dealing 
with meteorology, hydrography and soil moisture; with the development, sur- 
veys, and classification soils; with erosion and its control; with the vary- 
ing yields water-sheds; with the volume floods, and their probable 
frequency occurrence. All these must rigorously condensed some 
manner before they can used the best advantage. 

The purpose this paper present summarized information regarding 
precipitation and its occurrence various countries and latitudes; its rela- 
tion soils and run-off; the vegetative, topographic, and physiographic 
features the water-sheds; and the resultant influence designs drainage 
structures and channels. 


Form Data 


Precipitation records for the principal stations throughout the world have 
been assembled compact form Table (Appendix I), with both the 
average habits and the observed range variation clearly represented. The 
references from which these data were obtained are given Appendix II. 
Wherever snow hail included the observations, reduced equiva- 
lent rainfall. 


discussion this paper will closed May, 1930, Proceedings. 


Revision and extension thesis submitted for the degree Ph. D., Americar 
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The selection, arrangement, and sequence data were governed such 
considerations length and quality records, directness routing the path 
connecting stations displayed the world map (Fig. 1), and the develop- 
ment progressive variations in: (1) Latitude; (2) distance inland; 
altitude; (4) wind direction; and (5) character contiguous land surface, 
soils, and vegetation. Thus, various portions the adopted path between 
stations represent cross-sections mountain ranges, plateaus, valleys, island 
groups, even continents. The corresponding variations the amount 
rainfall and its seasonal distribution are readily traced the vertical columns 
Table (Appendix I), where gradual transition from one rainfall pattern 
another may observed. 


CLIMATIC VARIATION 


After the first two three decades continuous record the mean daily, 
monthly, and annual temperature, the humidity, barometric pressure, the 
wind velocity and direction, the rainfall, and the snowfall are fairly well 
established for any station, together with the probable range variation 
these phenomena for similar periods. Further, evident that the annual 
means are subject the least fluctuations. For that reason, this study 
rainfall characteristics the mean annual precipitation was adopted the basis 
reckoning, 100 per cent. Other critical significant quantities, such 
the maximum observed monthly precipitation and the mean for the cor- 
responding month, also the maximum for hours, have been reduced 
percentages the same basis for convenient comparison. 

Inspection the ten percentage columns Table (Appendix I), dis- 
closes more than mere semblance harmony. Beside the somewhat definite 
patterns traced various groups, there are orderly progressions and trends 
from one group another, with variations latitude, altitude, temperature, 
distance inland, prevailing wind direction, and other conditions that influence 
relative humidity. Whether the tentative classifications based one 
all those factors, the great mass divergent data conforms more readily 
few simple patterns behavior than the primary observations would indicate. 


STABILITY 


marked progressive changes climate rainfall habits have been 
noted during several centuries record; therefore, determining what part 
the pattern represented fragmentary, detached, 
records, definite clue forecast provided concerning meteorological 
phenomena expected during longer intervals. The observed periodic 
changes usually complete their fluctuations within forty years, thereabouts, 
according authoritative opinion among meteorologists; but some stations 
require only twenty, whereas others need more than seventy, years for that 
purpose. 
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While has long been recognized that there may somewhat definiie limits 
rainfall intensity, frequency, duration, and variation applicable given 
localities, appreciation the limited scope human knowledge compared 
with the broad fields awaiting exploration deters the expression opinions 
among those most competent speak. Probably approximations the 
limiting rates precipitation for various periods and localities, well 
measure the resultant excessive run-off surface drainage known floods, 
would more clearly. indicated arranging, co-ordinating, and interpreting 
primary observed data more effectively. 

Such natural phenomena may regarded successive integrations involv- 
ing many variable complex influences, some which are interrelated while 
others are independent. Fortunately, meteorological and records 
afford means for occasional evaluation the quantities delivered, and further 
determinations may result from such simple processes proportion and 
interpolation. this manner solutions practical problems reported here- 
with were undertaken during the assembling and tabulation the accom- 
panying basic data. 


The need for flood control has come into prominence with every extensive 
inundation highly developed valleys. Following the recent disasters sus- 
tained widely separated districts the United States, where flood-protection 
systems had been installed and immunity from serious damage had been sup- 
posedly secured, the public conscience has been awakened the National 
responsibility this vital problem and its solution. The resulting legis- 
lative enactments 1928 which aimed combine the most modern methods 
with the most positive means for effective flood control promote the general 
welfare, are noteworthy were the catastrophes which prompted the legis- 
lation. 

out flood-control programs recently authorized Congress, 
engineers need utilize every available means for extending their knowledge 
rainfall characteristics, run-off rates corresponding thereto, and related 
phenomena the vicinity selected projects. Additional meteorological and 
stations will required supplement those already estab- 
lished for the collection primary data; but equally important devise 
methods for assembling, co-ordinating, and utilizing the detached and appar- 
ently unrelated fragments such records. this can accomplished, the 
effective periods observation will thereby extended far beyond their 
present limits, and the designs for retarding basins and waterways may 
embody proper consideration for both economy and safety. 

the source supply and also the most frequented routing paths 
storms are known for given area, and some fragmentary data are 
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available disclose any part the rainfall pattern, then the information 
Table (Appendix I), should furnish something index for com- 
pleting the other parts the record comparison with available data 
pertgining stations similarly situated and drawing the same supply. 
Apparently, the characteristic percentage relations hold fairly consistently 
such cases, regardless the variation rainfall traceable the physical 
configuration the land surface, except arid regions. 

Outstanding examples illustrate that principle are furnished the 
percentage columns for New England stations, others Germany, and such 
adjacent but quantitatively varying stations, Oviedo and Bilboa, Spain, 
Nos. 683 and 684; Ben Nevis and Fort William, Scotland, adjusted 
the same period record, Nos. 717 and 718; and Tiflis and Lenkoran, 
Nos. 762 and 763. 

Both length and reliability records, well completeness 
information and its representative character for either groups, areas, the 
range their habits, were sought among stations included Table 
(Appendix I). 


INTERRELATION BETWEEN METEOROLOGICAL AND PHENOMENA 


adequate understanding the cause-and-effect relation between 
rainfall and run-off must likewise include the range conditions which 
may influence the rate, sequence, and continuity the various natural 
processes involved the rain-producing cycle. Such conditions may include 
solar radiation, atmospheric circulation and convection, evaporation, expan- 
sion, cooling, condensation, deposition, percolation, stream flow, and the 
accretions losses sustained route. 

Often arrested interrupted processes are observed the meteorological 
such extended cloudy periods without rainfall, the more advanced 
stage which downpour actually begins the upper atmosphere, but 
dissipated the lower strata before reaching the earth’s surface, producing 
the familiar cloud-drapery appearance above desert regions. Likewise, the 
detention and regulation. effected the soil and vegetation during moderate 
showers may interrupt the run-off and reduce negligible quantity. 
Under ideal conditions practically all the rainfall into the voids 
the soil, and emerges therefrom gradually decreasing rate until new 
accessions moisture are available. 

Maximum river stages usually result from the coincidence either 
intense rates prolonged periods precipitation thawing, together 
with low absorptive, interceptive, and retentive powers the soil and its 
cover. 


CHARACTERISTICS 


Types, structure, color, and stages development soils and the varieties 
plant growth sustained thereon, provide supplemental record awaiting 
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interpretation rainfall and run-off habits, whether they irregular and 
violent steady, gentle, and dependable. Thus, the 143 sq. miles drainage 
area along Queen Creek, Central Arizona, with average annual precipitation 
in., produced high flood volume 9000 cu. ft. per sec., but main- 
tained average flow only cu. ft. per sec. throughout the year, 
representing yield 10% the water-shed; comparison, equal 
area along Cedar Creek, Northwestern Washington, with average 
annual rainfall 120 in., attained observed maximum flow 600 sec-ft., 
minimum 294 cu. per sec., and average discharge 1089 cu. ft. 
per sec., yield representing nearly 90% the total observed precipitation. 

Both the soils and the vegetation that abound those two regions 
emphasize the contrast between the steady, gentle, dependable rainfall the 
Pacific Northwest opposed the sudden, irregular, brief, torrential down- 
pours that are characteristic desert regions. The soft, mossy banks, 
the tender foliage, and the sodded slopes are identified with precipitation 
which develops almost imperceptibly from fog mist; while the spike foliage, 
thorny stems, and other resistant equipment desert growth reflect the 
struggle for existence. 

There are known physical limitations the moisture capacity the 
atmosphere for given temperatures and pressures, and there may just 
definite limits for barometric pressure gradients and the wind velocities 
induced thereby; likewise for storm movements and areas affected, rates 
evaporation and condensation, heating and cooling, also freezing and thawing, 
for designated seasons and localities. 


ATMOSPHERIC 


The high transparency clear, dry air allows the transmission 
nearly 90% the normal solar radiation under most favorable conditions. 
The losses due reflection, absorption, and conduction are all increased 
the presence foreign substances, including water vapor, that the radiant 
energy reaching the earth reduced accordingly. After condensation has 
proceeded far enough form dense cloud masses, practically the entire solar 
radiation intercepted. 

average measure the sun’s radiant energy that reaches the outer 
atmosphere may expressed calories per sq. cm. per min., h.p. per 
sq. ft. normal surface continuously during sunlight hours. transmitted 
the earth without loss, this energy would capable evaporating in. 
depth water 72° Fahr. during hours near the equator, from two- 
thirds one-half this quantity mid-latitudes. However, the actual toll 
energy taken the atmosphere during average fair weather conditions 
nearly 50%; and during cloudy periods becomes 90%, more. 

Taking into account the varying opportunities for evaporation deter- 
mined the prevailing temperatures, the inclination the sun’s rays, the 
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TABLE 2.—( Continued). 
(All depths inches.) 


ANNUAL. 


j 
| 
} 
| 


Station. Remarks. 


4 


September. 
Minimum. 
Maximum. 


North Yakima, 
Lake Kachess, Wash 


Hermiston, Ore 

Hermiston, Ore 

Moro, Ore 


| 


canal. 
Lake Tahoe, Calif 
Lake Tahoe, Calif 
Biggs, Calif 
Sweetwater, Calif 
Calif 
Fresno, Calif 
Los Angeles, Calif 
San Diego, Calif 
Mammoth, Calif 
Owens Lake, Calif 
Christiansted, Virgin 
Assuan, Egypt 
Bombay, India 
Van Wijks Vlei, South Africa.... 


from wind. 
Johannesburg, South Africa 
Capetown, South Africa. ........ 
Port Elizabeth, South Africa..... 
Alice Springs, Australia 
Adelaide, Australia 
Eucla, Australia 
Australia 
Blackall, Australia 
Australia 
Murrumbidgee, Australia 


soil moisture content, the degree cloudiness, the vegetation and foliage, 
the wind movements, and the atmospheric humidity, estimated that the 
equivalent 0.1-in. depth water over the entire surface the globe becomes 
vapor each day, average. The upper limit evaporation rates attain- 
able from free water surfaces may equal in. daily. local 
variations, the recorded annual evaporation from tank the ground 
Indio, the Imperial Valley, California, was 119 in.; from tank ft. 
above the ground, 200 in.; from the saline waters the Salton Sea itself, 
in.; from tank ft. above the surface Salton Sea, 106 in.; from 
tank ft. above the water, 140 in.; from tank the desert, 165 in.; and 
from one that was elevated ft. above the desert, 195 in. 
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Representative evaporation rates for several important stations are shown 
Table Main references this table may found 


CoMPARED WITH PRECIPITATION 


Comparison the corresponding columns Table (Appendix and 
Table indicates the normal relationship between evaporation and precipita- 
tion phenomena, especially regards maximum observed rates. The evapo- 
ration process more less continuous, while rainfall usually periodic; 
the one governed atmospheric circulation and temperatures affecting 
surfaces known readily ascertainable areas, while the other depends 
condensation cloud volumes considerable heights, air strata which 
may moving different opposite directions from those below. 


TABLE Capacity ATMOSPHERE VARIOUS TEMPERATURES.* 


| 


Temperature, AIR. 
degrees 
Dry.| Saturated. Weight. Volume. aircolumn. successive strata. 
0.01 0.01 0.001 0.002 
—30 0.02 0.03 0.003 0.007 
—20 0.08 0.05 0.005 0.016 
0.04 0.06 0.006 0.022 
—10 0.05 0.08 0.008 
0.06 0.10 0.010 0.04 
0.1 0.2 0.02 0.07 
0-1 0.2 0.02 0.09 
20 83 | 83 0.2 0.3 0.03 0.15 
0.4 0.6 0.06 0.30 
1.3 2.1 0.19 1.07 
70 75 | 74 1.5 2.5 | 0.22 1.29 
100 4.1 6.6 0.54 
110 5.5 0.72 4.97 
115 6.4 0.82 5.79 
*These average values were computed for normal pre sea level and were based mainly 
Smithsonian Physical Tables. The last column moisture content subject 
precipitation. 
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Except for those few stations extremely high low rainfall, there are 
corresponding values found for both monthly and yearly means and 
maxima; but the range variation from normal not wide for evapora- 
tion, representing receipts atmospheric moisture, for precipitation, 
representing expenditures. The brief mid-day showers the tropics 
exemplify the expenditure entire day’s accumulation atmospheric 
moisture less than hour. The maximum rates recorded Table 
(Appendix for 15-min. periods approach exceed the 
greatest observed daily evaporation from free water surfaces. Many the 
inequalities well the similarities displayed those two phenomena are 
traceable limitations governing moisture capacity. 

Under the extreme conditions immediately preceding storm, with the 
temperature high 110° Fahr. sea level, for example, and the air 
column closely approaching saturation, the moisture subject precipitation 
nearly 2.8 in. the first mile above the base; 1.3 in. the second mile; 0.6 
in. the third; and 0.3 in. above the 3-mile level, according Table 
For such condition, 5-in. depth rainfall (Table may the attainable 
limit without renewal the moisture supply wind movements. Whether 
multiple only fraction that amount may registered precipitation 
beyond present human knowledge unless the records past performance 
may serve guide. 


TABLE 


ACCORDING TO FIELD OBSERVATIONS. 


sponding 


from 


Data. 


CAPACITY SATURATED ATMOSPHERE 
| 


Moisture 
Capacity 


Temperature, 
Latitude, Degrees Fahrenheit. 
degrees. 


Height 
explored, 
miles. 


Saturation. subject 
precipi- 


tation, 


Depth, 


inches. 


Pavlovsk 

Victoria Summer —108 


*In the Dictionary Applied Physical Science, Vol. III, 61, chart displaying the data 
observed and derived several carefully conducted series investigations. 


portion the moisture content saturation which subject precipitation varies 


from nearly 75%, this nearly the correct proportion the total, shown the preceding 
column, 


and 
pita- 
eting 
vhich 
RES.* 
n for 
trata. 
| Corre- 
} 
Portion 
0.14 
0.40 
0.14 
0.92 
1.20 
| 1.67 i 
1.67 
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Field observations recorded Table for atmospheric moisture capacities 
widely separated stations have furnished practical and satisfactory test 
for Table whether applied frigid, temperate, torrid regions. 
most instances both summer and winter conditions were observed. 

Not all the moisture content either the air the soil subject 
removal natural processes; considerable percentage remains residue 
continuously. The moisture that may removed from the air column 
precipitation during storm probably not more than one-half three- 
fourths the total capacity saturation. 

For various soil types the readily removable moisture may range from 
more than 90% for sand less than 20% for heavy clay. The effective 
storage capacity and also the contribution stream flow during dry seasons 
are reduced accordingly, and thus the opportunity for evaporation may 
limited what the soil will relinquish when the heat units and atmospheric 
for moisture are both available. 

evident that the normal rates evaporation for various latitudes 
for different climatological zones are such would surcharge the atmos- 
phere within period month, less, under any conceivable conditions, 
provided there ample opportunity for evaporation from either free water 
surfaces wet soil, for transpiration from luxuriant vegetation and foliage. 
The surcharged atmosphere obtains relief either increased temperature and 
moisture capacity, precipitation. 

proper allowance made for the required interval lag between the 
processes evaporation and precipitation, together with the effects produced 
progressive seasonal and local variations temperature and relative 
humidity the atmosphere, some the characteristic rainfall habits may 
explained, or, perhaps, they may forecast. the influence 
barriers, whether they mountains masses dense, cold atmosphere 
obstructing the path moisture-laden air currents, can partly evaluated. 

The most dependable controls for such methods analysis seem the 
long-period records kept weather bureaus, supplemented consideration 
the fundamental physical laws involved. Where only meager records are 
available, seems advisable attempt the expansion fragmentary data 
terms what appears the attainable limiting conditions against which 
provision should made the design waterways for given locality. 
Table (Appendix and Table were compiled furnish something 
background for interpreting the more detailed data which may assembled 
for specific problems, the same manner previously used for hydrographic 
investigations.* 

appears that precipitation may vary either directly inversely with 
evaporation, depending local conditions which determine whether the 
moisture supply steady intermittent; whether the source near-by 
remote; whether the routes traversed the winds are clear obstructed, 


Flow Characteristics,” Transactions, Am. Soc. E., Vol. (1926), 985. 
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test both approaching and beyond the station question; and whether the latent 
energy represented the vapor content the atmospheric column capable 
producing violent, only moderate, disturbance upon release 
condensation. 
The Energy Vaporization and energy required 
the work elevating that same weight 144 778 ft., height 21.2 
miles. The same quantity heat would raise 144 water from 60° 
Evaporation lb. water under average pressure sea 
and pressures, such prevail while most the process takes place, requires 
approximately seven times much energy vaporize given weight water 
melt the same amount ice; converted into units work, 
represents expenditure that would elevate the same weight height 
ions, nearly 150 miles. 
Because the relative weights air and water vapor equal temperatures 
are 1.0 0.62, apparent that the presence 3.0% weight, 4.8% 
will reduce the weight the entire volume 1.8% long condensation 
delayed. condition marked instability, therefore, may result oppor- 
tunities for evaporation are alternately favorable and unfavorable. 70° 
Fahr., 1%, and, 110° Fahr., 3.4%, variation weight and consequent 
may pressure may due the vapor content. 
The condensation in. rain releases the equivalent h.p.-hours 
energy per sq. ft. surface, nearly 87000 h.p.-hours per acre. applied 
exclusively toward heating the first mile height air column above sea 
the level, the resultant increase temperature would 30° Fahr., more, depend- 
ing the density and humidity; and this thermal change would cause 
expansion ranging from more than per cent. The resulting buoyancy 
would the same order that possessed ice logs floating water. 
Although improbable that all the latent energy released during storm 
ality. devoted solely heating portion the atmospheric column, definitely 
known that large part induces energetic convection currents which con- 
tinue until equilibrium finally established approached through ascent, 
expansion, cooling, intermixing, and condensation. Much the heat intro- 
into the soil the absorption rain water and thereby promotes 
with activity, the release soil fertility, and the rapid growth vegeta- 
the which noticeable after storm, especially one that prolonged and 
only moderate intensity. 
Pure, dry air may transmit solar radiation with losses less than 10% 
when the sun near the zenith. Other highly transparent substances 
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equivalent mass, such depth clear, placid water, 14-ft. thick- 
ness the best grade glass, behave similarly. The amount energy 
delivered from the sun such times capable evaporating nearly in. 
raising the temperature either 6-in. layer dry soil, 
stratum the lower atmosphere fully 25° Fahr. Thus, few consecutive 
hours intense sunshine would render the tropics and even the temperate 
zones unsuitable for most forms organic life, were not for the moderating 
influences moisture and wind. 

Fully hours very bright sunshine, the combined action per- 
sistent wind and moderate temperature, are required evaporate in. 
depth from free water surface. Such rate rarely exceeded except 
suallow pools places exposed vigorous wind movements. Condensation 
the same quantity ordinarily occupies several hours, but extreme cases 
precipitation, the culmination the process, occurs within few minutes 
greater amount. Virtually bulk delivery opposed the deliberate com- 
plexities manufacturing. 

The intimate knowledge and accurate interpretation meteorological 
conditions which were largely stimulated the development aviation 
have gradually taken definite form, and one the new departures, that is, 
weather forecasts full week advance, well within not beyond 
the experimental stage. Thereby the major storm movements and the general 
tendencies large areas are foretold with nearly the same degree accuracy 
the more detailed local weather forecasts have attained for areas. 


The products rock-weathering ultimately become soils through changes 
wrought micro-organisms with the assistance and biological 
forces. Prior the bio-chemical alterations the decomposed disintegrated 
material has not developed its character sufficiently permit classification 
under soil types; regarded therefore the embryonic stage. the 
biological activity extends only few feet below the surface, and chemical, 
hydrolytic, thermal, and other disturbing influences are most pronounced 
the same zone, the upper layer depth ft., less, claims most the 
attention soil investigators. 

Recent Conceptions Concerning 1900 the foundation 
radically new conception soil science has been established Russia and 
developed Europe and America, until now occupies major position 
commanding broad field. Old ideas regarding the dominant influence 
the parent ledge were abandoned after was demonstrated that given type 
soil may develop from any the most prominent varieties rock magma, 
provided the environment favorable. From this view has evolved the 
notion that soil not mere inert residue product decay, but complex 
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entity, creature growth and culture with varying expressions vitality. 
Its habits seem reflect the influences the temperature, rainfall, and 
drainage which governed its development, well that lower forms 
organic life which are intimately associated with fertility and fruitfulness. 

Carrying the simile still further, has been aptly observed that the 
coarser granular particles constitute the framework skeleton and determine 
the stability the body structure. Again, the colloids combine the functions 
tendons, muscles, linings, digestive system, and surplus tissue, for here 
the stores essential minerals and other plant food lie quiescent until 
requisitioned the circulatory system supply the needs vegetation. 

There well-defined respiratory process which oxygen introduced 
and carbon dioxide removed; complexions red, gray, brown, black, 
disclose the degree oxidation and hydration, and also the presence iron 
other coloring pigments that have survived the process leaching. 
organisms, impaired drainage facilities may produce pronounced 
toxie condition. The living roots readily resist the soil digestive process, 
but the dead wood soon the yeasts, moulds, and bacteria swarming 
within the colloids. Finally, soil degenerates under improper treatment and 
responds gratefully regular care and understanding that seems like 
expression life and health, rather than decay.* 
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comparison the desirable qualities characteristics soils brings 
forth striking contrasts. For example, the presence considerable organic 
matter objectionable soil for structural foundation and highway pur- 
poses; and either beneficial vitally essential the case soil for 
agricultural use and stream regulation. For example, the presence con- 
siderable organic matter objectionable the first case, and either beneficial 
vitally essential the second. the other hand, high percentages 
coarse, inert, granular fragments rock are desirable for sustaining either 
structures traffic and also for regulating run-off, inasmuch stability 
and ready drainage facilities are among the prime requisites. These con- 
siderations, however, not govern farming operations; there, the sieve- 
like structure coarse, gravelly, sandy soil has become almost synonym 
for sterility lean production. 

Where the only available sub-grade material fertile soil, requires 
some sort treatment render suitable for sustaining either structures 
traffic. Dragging, rolling, other manipulation while the soil wet may 
afford improved stability and resistance accessions moisture. Both the 
results and the methods used are contrary recommended practice agricul- 
ture the maintenance water-sheds regulate run-off, for such 


and Civilization,” Milton Whitney, Chf. the Bureau Soils, Dept. 
Agriculture, 25, “The Soil Living 
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activities considered that the permeability, the normal structure, 
and the organic life the soil should maintained and not destroyed. The 
readiness with which overturned bucket water absorbed meadow 
lawn, contrast with its behavior pathway where 
saturation long delayed and where there never danger miring, illus- 
trates the difference between productive soils under cover vegetation 
and the same materials after puddling and compression, erosion and baking, 
have rendered them sterile anc inert. 

unusually close-textured soil that cannot absorb and temporarily 
hold in. rainfall for each foot depth the soil deposit, provided 
previous saturation, freezing, baking, mechanical compaction has occurred 
seal the inlets. the deep soils traversed irrigation systems the 
West, customary sustain loss in. water daily over the 
entire wetted perimeter earth canals, regularly throughout the season. 
humid regions only unusual soil structure, such occurs coarse sandy 
glacial deposits, would capable comparable behavior; yet lesser 
degree all soils close texture may function similarly, especially covered 
with dense vegetation. 

For ordinary rates rainfall the toll taken vegetation and soil 
prevent regulate run-off much greater than the capacity detention 
basins usually designed and provided works Man. The flood volume 
recorded Lake Champlain within week following the unusually severe 
storms early November, 1927, was not more than one-half the actual 
precipitation estimated several independent investigators, including 
official observers. restricted areas near the head-waters, nearly 90% 
appeared run-off, but this may have been further depleted its way 
distant outlets. 

Soil are sometimes classified chemical basis, 
silicate, carbonate, sulfate, ferruginous deposits, each with suitable 
subdivisions. Another system utilizes the manner deposition, residual, 
transported, alluvial, colluvial, aeolian, glacial, with subdivisions according 
parent sources, quartzite, granite, dolomite, basalt. 

The Russian scientist, Glinka, has proposed general classification based 
the moisture conditions under which the types were developed, whether 
excessive, optimum, average, moderate, insufficient; with sub-classes such 
tundra, podsol, chernozem, prairie, gray desert, laterite, and red loam, each 
identified color, position, texture, composition, and details regarding the 
formation generally. 

The United States Department Agriculture, through the Bureau 
Soils, has developed what appears the most logical and comprehensive 
classification yet devised, incorporating the outstanding features all other 
important systems, each its natural position. The primary category 
based the presence absence calcium carbonate accumulations; the 
second the degree oxidation, stage leaching, formation sesqui- 
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oxides, and the differences content. The third category identifies 
the soil type, such laterite, podsol, chernozem; the fourth has 
with the “soil that whether not the characteristic changes have 
developed the various “horizons”, depths below the ground surface, from 
top-soil sub-soil. 

Further subdivision deals with geographical regions and soil provinces, 
Piedmont, Upland Valley, Coastal; the locality where given type was 
first surveyed and classified, the Upshur, Miami, Volusian series; and, 
finally, the texture and composition are described, gravelly loam, light 
silty clay, heavy gumbo. 

The results already achieved the United States well abroad justify 
the belief that this system classification may adopted generally. Every 
major and minor series type falls into its proper place that system after 
thorough field study and occasional tests have been completed. 

Utility Soil Surveys and obvious utility soil 
analysis, research, surveys, and classification extend the horizon 
knowledge and make the best use what has been gathered heretofore. 
Wherever soil type identified intelligent judgment may formed 
regarding its genesis and development, the climatic, rainfall, and drainage 
habits that prevailed, and the vegetation sustained during the progressive 
stages its growth. the brief period since soil science has been recognized 
adequately, has rendered valuable service agriculture all its phases, 
commerce, the manufacturing industry, water supply, flood pro- 
tection, and the most extensive and important highway development yet 
undertaken. 

What promises one the most notable steps forward was inaygurated 
the Bureau Public Roads sub-grade investigations. The work 
has been carried co-operation with various State highway departments 
and colleges. The net result thus far has been narrow the problem down 
the identification and treatment the elimination harmful elements. 
Inasmuch the ordinary failures pavements that are traceable any 
manner unstable sub-grades represent but proportion the total 
mileage, attention has been concentrated these sections. Further applica- 
tions for soil science are yet realized the broad fields structural 
and foundation design, drainage, control surface run-off and underground 
water supplies, crop production without serious depletion fertility, and 
all lines endeavor that depend soil materials properties. 

the clues soil characteristics which have been familiar 
even casual observers, rank growth precarious one either arrow- 
weeds bud-sage, salt-grass blue-grass, cactus willows, may publish 
more information concerning the chemical analysis, texture, water supply, 
and drainage habits the land than could conveyed several pages. 
the principal vegetation scrub cedar the uplands, swamp cedar, the 
giant redwood, radically different conditions are known govern. 
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CLASSIFICATION PRECIPITATION PATTERNS 


The time and labor assembling and reducing the summarized precipita- 

tion characteristics presented Table (Appendix may prove 
meager compared with what will required develop adequate 
appraisal and interpretation the data contained therein. will probably 
remain for the discussions bring out the practical relations and applications 
wide variety problems. 

tentative classification presented Table which the first 
primary basis division depends climatological zones, approximately 
defined parallels latitude. The irregularities introduced such influ- 
ences ocean currents and prevailing winds, illustrated Siberia, 
Labrador, and the Scandinavian Peninsula, for example, seem fully 
significant and important the similarities displayed other groups 
stations. The second and third categories have with distances inland 
and altitude, respectively; and, finally, the representative stations show 
both the range habits and also the average behavior for specified conditions, 
are arranged according the amount either annual monthly rainfall. 
Other might made display somewhat greater less con- 
cordance than appears Table wherein both length and completeness 
record were taken into account. 

Outstanding features Table (Appendix I), and Table are the 
manifestations progressive increase moisture capacity with temperature. 
notable that the greatest observed intensity rainfall occurs the 
sub-tropical, and not the equatorial regions. this not due 
lack atmospheric moisture, but the fact that some the conditions 
necessary the violent relinquishing moisture are not encountered 
near the equator. For example, the polar fronts and cold air currents and 
icebergs are all unheard lower latitudes for the same identical reasons. 
Special situations might encountered, however, which the condensing 
medium would supplied from the sub-zero temperature zones the upper 
atmosphere, were not for the regular daily relief afforded the mid-day 
showers the tropics; and conceivable that rates precipitation might 
occur during brief period intense have been registered elsewhere. 

The tabulations plainly indicate that there are fairly definite limiting 
conditions and rates rainfall appurtenant the various climatological 
zones. are typical rainfall patterns displayed the percentage 
columns Table (Appendix I), which may utilized for combining frag- 
mentary records, for supplying missing data under proper 


APPLICATION 


the solution practical problems, the greatest needs are for more 
data and for better means interpreting those already available. 

Inquiries what may expected the way rainfall and run-off 
habits given locality are too often answered reference 


AND CHARACTERISTICS, FROM TABLE (APPENDIX I). 


TABLE 5.—REPRESENTATIVE PRECIPITATION STATION 
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tabulations, when summarized data such those Table (Appendix 
would serve more satisfactorily. 

Arrangement long series natural phenomena according magnitude 
the observed quantities, such are used precipitation, and run-off 
records, invariably results crowding near the mean values, and thinning 
out toward the extremes, suggesting mass distribution like that cone 
‘of pyramid, which the base represents the mean and the apex, either the 
maximum the minimum. naturally expected that the longer the period 
record, the wider the interval between the mean and either the maximum 
the minimum. Because the 500-year other long-period maximum must 
fall the record some decade, care should taken investigate such 
possibility. When such happenings are properly taken into account, some 


interesting and useful relations become apparent regarding periodic maxima 
and frequency curves: 


only direct relations observed consistently among station 
records are such may ascribed either contiguity similarity 
conditions. 

Second.—No direct relation traceable between rainfall and sunspot 
periodicity (11 years), which closely corresponds the time revolution 
about the sun (11.86 years) the planet, Jupiter, representing 71% the 
total known mass the solar planetary system. Seven the longest known 
annual precipitation records are platted Fig. for convenient comparison. 
The occasional similarities, contrasts, and synchronisms therein displayed, seem 
indicate endless variety rather than conformity any generalization. 

Third.—The mean monthly the mean annual precipitation, together with 
the maxima for corresponding periods expected during average intervals 
years, years, and 250 years, seems form simple arithmetical pro- 
gression, while the related time intervals, namely, 10, 50, and 250 years, form 
geometrical progression. Fig. illustrates for the yearly precipitation how 
nearly the straight-line relation holds for frequency curves when they are thus 
plotted paper. Similar results are found for monthly 
periods. 

ten percentage columns Table (Appendix seem 
provide generally ascending series either geometrical arithmetical pro- 
gression, from left right. The quantities Column (1), headed “Mean 
Daily Intensity Rainfall Days”, are but the reciprocals the average num- 
ber rainy days per year, expressed percentage. Thus, for stations with 
days rainfall per annum, the mean daily intensity 1.1% the total 
mean annual precipitation. The quantities Column (1) seem signifi- 
cant and important when considered connection with the remaining nine 
columns. general, this percentage numerically equal the maximum 
rainfall expected 3-min. period. 


Since the beginning these investigations and the assembling the 
foregoing data, many opportunities have been presented for practical tests 
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methods herein advocated. For example, preliminary estimates were made for 
the waterways required connection with current projects, mainly from 
consideration rainfall habits and soil texture, classification, and covering. 
Later they were compared with the final estimates, made after detailed study 
the water-shed, run-off records, and all other available data, with satisfactory 


results. 
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Fic. 2.—PRECIPITATION NINE TYPICAL STATIONS, SHOWING RELATION 
SUNSPOT NUMBERS. 


Application foreign problem afforded the Habra Dam disaster 
November 26, 1927, the Province Oran, Northern Algeria. This dam had 
previously failed March 10, 1872, the year following its construction; and 
again December 16, 1881, after reconstruction and enlargement the spill- 
way, the fatalities this instance amounting 400.* 

The scarcity utter absence meteorological and records 
are admittedly among the primary causes the recurrent disasters. Through 
costly experience has now been demonstrated that the 085 sq. miles 
water-shed above the dam site are reasonably capable yielding run-off the 
rate sec-ft. per sq. mile instead only one-fourth one-half that 
amount assumed for the original construction and reconstruction, respec- 
tively. 


“The Failure the Habra Algeria,” Génie Civil, March 17, 1928, 256. 
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There enough similarity observable the rainfall patterns for Italian, 
French, and Spanish stations near the Mediterranean Coast, permit expan- 
sion the records for North Africa use such definite data have long 
been available for the Ports Tunis, Algiers, and Tangiers. The annual rain- 
fall expected the vicinity Oran and Perregaux, the Habra Basin, 
known range usually from in.; the monthly maximum 
expected the winter season, the early spring, and may amount 
much in.; and the maximum for hours might safely assumed 
in. 
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The occurrence rainfall known less dependable and more intense 
Algeria than the northern shores the Mediterranean, just should 
expected when the desert character the hinterland taken into account. 
Finally, the Tiber River Italy and the rivers Eastern Spain should have 
afforded index the expected run-off from the Habra Basin capable 
governing adequate design for the spillway that has recently failed for the 
third successive time. 

the recommended method approach for such practical 
problems, the meteorological records the most nearly adjacent and com- 
parable stations were reviewed their summarized form used Table 
(Appendix I), and supplemented such literature and data were available 
for the locality, order form fair conception the run-off habits 
expected under extreme conditions, well the average prevailing that 
locality. Other published data* afford number examples which may 


Flow Transactions, Am. Soc. E., Vol. (1926), 1003, 
Table (Appendix 
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maxima, for small ocean islands have 

been noted hereon without contouring. 
This map subject revision addition 

data covering local variations not 
considered Table 


Fic. RAINFALL ANY CALENDAR HEMISPHERE. 


He, Yoo 716 49 Ss | >) Lo 
19 
2.D 


rs. 
January, RAINFALL CHARACTERISTICS 


less than 5 


GENERAL NOTES 


All depths are expressed inches. 
Due restricted scale and isolated 
character, the maxima, range 
maxima, for small ocean islands have 
been noted hereon without contouring. 
This map subject revision addition 
data covering local variations not 
considered Table 
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gencie 
utilized for comparisons due allowance made for differences the maxin 
temperature, humidity, seasonal habits, and wind directions during stormy month 
periods; the soil, topography, and shape basin; and the slope and 
other influences that may determine the retention the run-off during and rainfa 
following storm. Table 
Obviously, for estimate stream discharge from the Habra River 
Northern Algeria, the records from some the Mediterranean coastal and 
rivers, from Virginia, Arkansas, and California, would more helpful The 
than those from high latitudes and rigorous climates, far removed from 
desert areas. ice nor snow accumulations nor deeply frozen soil the 
enter into the problem for Northern Africa; the periodic aridity produces 
marked effect both the soil structure and the character vegetation, and 
the run-off habits drainage channels are modified accordingly. 
knowr 
Where the run-off resulting from sudden thaw important con- the 


sideration, the limiting rates for which provision should made, may 
estimated reference the seasons the year when both high temperatures 
and snow, ice, hail accumulations have been observed may reasonably 


expected, together with the relative effects sunshine, wind, and rain. 
Under the most favorable conditions conceivable for mid-latitudes, with the 
air clear and dry and the sun near the zenith, nearly in. ice may melted 
per hour direct sunshine. Chinook winds may account for the same appro: 
maximum 24-hour rate melting has been observed for solar radiation; the 
but the hourly rate considerably less, and appreciable percentages the 
released moisture are disposed evaporation, and, therefore, not con- 
tribute directly run-off. 

Again, the maximum conceivable flood conditions seem involve warm displa 
rains either snow, ice, frozen ground, appears that the volume thus may 
contributed thawing cannot exceed one-third the rain volume time; 


for the temperature rain water reduced from 80° Fahr. the freezing 
point contact with ice, would release not more than one-third its weight 
frozen moisture, determined the ratio the heat units extracted 
the 144 required for melting ice, which reference has already been made; 
and the assumed limits are seldom ever attained. 

Each application the principles and methods herein set forth should 
receive individual treatment; but the controls essentially collective and 
require mature judgment, observation, and experience for the best results. 


rec 


GRAPHICAL REPRESENTATION RAINFALL CHARACTERISTICS 


The maximum rates rainfall that have been observed typical stations 
representing almost the entire range habits for the stations listed 
Table (Appendix I), are illustrated Fig. The platting multi-phase 
diagrams brings out not only the similarities, but also the diver- 
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gencies precipitation patterns and trends. Figs. and portray the 
maximum observed depths precipitation hours and one calendar 
month, respectively, for the United States, based the data Table 
(Appendix I). Fig. graphical representation the maximum monthly 
rainfall over the entire earth far disclosed the data contained 
Table (Appendix I). 

readily recognized that the inclusion additional station records 
and the use larger scale for mapping might introduce important revisions. 
The curves drawn the Mercator projection, however, may serve general- 
izations and may assist visualizing some the rainfall characteristics 
the world. 


CoNCLUSIONS 


precipitation reasonably expected given place, together 
with the run-off resulting therefrom, may regarded but the expression 
certain physical and habits, explainable the main the basis 
known scientific laws and principles applied the source supply and 
the paths traversed winds and drainage channels. 

factors responsible for both rainfall and run-off are fairly well 
defined; most the earth’s surface has been explored; the courses ocean 
and the prevalent paths storms have been charted; and the poten- 
tialities recurrent storm movements have been recorded terms baro- 
metric pressures, precipitation, wind velocities, and flood volumes. 

meteorological and records are available, 
approximations may made with varying degrees dependability both 
the ordinary habits and the extremes behavior against which provision 
should made. utilizing the long-period records controls, the brief 
fragmentary data may interpreted more effectively. 

4.—Precipitation and run-off habits which govern the design waterways 
display characteristics definite enough classified, and they are known 
may derived from well co-ordinated records within nearly the same range 
accuracy ordinarily attained for strength structural materials. 

5.—Many the catastrophes resulting from storms and floods should 
recognized preventable accidents, and public works should inaugurated 
reduce such hazards. 


rs. 
the 
ver 
ful 
the 
lted 
on; 
the 
arm 
ight 
ade 
and 
hase 
iver- 


RAINFALL CHARACTERISTICS 


s 

1 

2 

3 |Orono, 

4 [Upper 

|Lewiston, Me.. 
6 |Gardiner, Me.. 
7 |Portland, Me. 

8 (Cornish, Me. 
9 [Lakeport, N. H. 
10 |Concord, N. H. 
1 |Hanover, N. H 


12 |Plymouth, N. H.... 
13 |Mt. Washington, N. 
14 |Bethbiehem, N. H. 


15 |Burlington, ve 
16 |Northfield, Vt. 
17 |Chelsea, Vt. 
18 | Woodstock, 


19 |Williamstown, Mass.. 
20 |Springfield. Mass. 


21 4|Amberst, Mass. 
22 jLowell, Mass 


23 |Boston, Mass.... 


24 |Cambridge, Mass. 
25 |Cambridge, Mass 
26 |Cambridge, Mass 


30 =| Nantucket, Mass... . 
31 | Block Island, R. I. 


32 Providence, R. I. 


33 |Norwich, Conn. 
34 «|New London, 


35 | Middletown, Conn. 


rtford, 
inten, Conn 
38 |New Haven, Con 


36 |H 


39 |New York, N. 
30-4 New York, N. ¥. 


40 |Yonkers, N. Y. 


. ¥. 


52 |Bolivar, N. Y. 
53 |Ithaca, N. Y. 
54 |Cooperstown, N. 


65 |Binghamton, N. Y.. 


56 |Scranton, Pa 
57 |Philadelpbi 


Prankli 
67 |Erie, Pi 
68 | Pittsburg! 
69 |Pitteburgt, Pa. 
70 |Somerset, Pa.. 


|Morgactown, W. 
72 


75 |Washington, D. 
76 |Wasbington. D. 
77 |Baltimore, Md. 
78 |Baltimore, Md. 


80 |Newark, N. J 


81 |Atlantic City, N. J. 
82 |Fortress Monroe, Vi 


83 |Norfolk, Va.. 
84 |Richmond, Va.. 
85 |Charlottesville, 
86 |Lexington, 
87 Lynchburg, V: 
88 |Danville, Va 
89 | Wytheville, Va. 


90 |Asheville, N. C. 
91 'Murphy, N. C. 


92 {Rock House, N.C. 
to Maxima. 


100 |Greeaville, 
100-A| Anderson, 8. C. 


111 |Apalachicola, Fia. 
112 |Pensacola, Fia.. 


113 |Mobile, Ala.... 
114 |Montgomery, Aja 
115 |Birmingham, Als. 


116 |Florence, Ala. 


[Papers. 


APPEN- 
TABLE 1.—Osserven Raw- 
(Depths Express- 


OBSERVED PRECIPITATION, IN PERCENTAGES 
OF MEAN ANNUAL RAINFALL. 


PRECIPITATION. 


Station, 


year. 

Minimum. 
rainfall, 
record. 


jean dally inten- 


Elevation above sea, 
ity on days of 


For day or less. 


Maximam. 


For month and 
of maximum 


Mean for month 


= 


Me..... 
Oxford Dam, Me.. 


SER 
Geen 


Cet Babe 


woe 
we 

One 


Caan Fan 


Baan 


wee 


oo 


“(Harvard Obs). 


we 


(Fresh Pond) 


@ 


Bens 
ween 


€8 @8 
& 


een oN 
soo 
2 
& 


= 


we wee 
aon 


whe 


OMS 


49 | Fort Niagara, N.Y 
50 |Buffalo, N. Y.... 


51 | Jamestown, N. Y. 


SBS 


@ mow 


ome 


= 


2 
5 

8 

‘4 
2 
3 
5 

4 


& 


ee 


Se 


ca 


SHES 


Bad 


Secor 
Sere 


ae 


BONS 


cece 


SA 


Bas 


+ 


& 


0.9 
0.9 
0.9 


= 


© 


Meridian, Miss... 
‘Vicksburg, Miss.... 


Ne 
BS 


Se ben aa 


2 2; 3 
9 5 
25.2 5 
26.8 5 
27.8 2; 3 
30.5 2:38 
26.2 1 
26.6 5 
29.9 
30.2 5; 3 
27.5 5; 3 
29.8 2:3 
29.0 2 
26.6 5 
30.4 5; 3 
3 
30.5 3 
33.8 
38.8 6; 3 
34.4 53 3 
71 | 100 | 132 5; 3 
9.8 | 67/100 6; 
8.5 | 63|100|158| 2 
58/100 1148) 6 
| 69/100 /137| 6 
| 69/100/153] 5 
67 | 100 | 147 5 
68} 100/152] 2; 
71 | 100/142] 
69 5 
66 |100 |153] 5; 
5 
67 | 100 | 136 5 
68 {100 5; 2;3 
73\100}142] 
75|100/126| 1 
71 5 
74 |100 j132] 5; 2;3 
77|100}136| 1 
68 | 100 | 139 2; 1 
-0 | 5 
8 | 70/100|141| 2; 5 
29.4 72 | 100 | 120 2; 6 
36.0 | 71|100|152| 2; 5;2 
30.3 | 62|100/155| 2 
24.7 | 2 
26.8 | 64/100/154) 2 
21.3 | 84/100|128| 2;15 
3 | 51)100|151| 2 
26.6 | 60/100|184| 2 
29.3 | 70/100 2; 1;8 
25.9 | 79|100/122) 2 
27.4 | 79 | 100 | 12: 2 
25:6 | 62/100}141| 2 
24.4 | 2 
3.7 
4.8 1; 2 
1; 2 
2 
2 
2:1 
2 
2 
2 
2 
2 
2 
1 
2;3 
2 
233 
3 
3 
3 
4; 351 
1 
2:1 


Bao 


& 


Janua 


FALL FOR 
ed in Inch 


Station No. 
Mean month. 


» 
SO 


re 


wear 


How re 


ee 


© 


One 


Sas 


70 | 1927 | 652.48) 4.1/1 10:7 
soa! 22 | 93 | 1927/ 0.44/0.78 1.52) 4.5] 13.7 3 
876). 40 | 1927 | 0.85)1.641.91) 7.6)11.4 | 27.4 | 0.6] 2.6 | 5.0/5.8] 8.5] 22.9 
57 |110 | 1927 0.85/1.12/1.64| 6.0|12.4| 27 | 13.8 
27 |Waltham, BO}... .|202 | 2025) # 
29 |New Bedford, Mass............... 100]... | 2926] 27 3: 
62 | 1926 11.0 | 14.5] 23 3 
| 0: 
95 | 1926 0.451.112. 98/'4.8 | 10:6 
| 
900|....| 64 | 1922| [28.0 | 
rf 4) 26 | 56 | 1927 | geese 33 8 
45 |Canton, N.Y... 448) 15 | 38 | 1920) 3.5) 8 9.7 43 2.54 
| 300| 50 | 92 | 1920] @ 12.7 3.01 
58 |Philadelpbia, 156] 46 j201 | 1920] 5 5 56 2.7 
| seal 26 | a2 | 1920) 4 3:5 
G1 | 69} 26 | 82 | 1920)....|.. .)....) 5 60 | 3:50 
62 |Harrisburg, 361| 32 | 55 1920] 6 7 
63 | 625] 25 | 32 | 1920) ..../ 4 q 61 3.59 
64 |Jobustown, | 2 184] 28 | 40 | 1920! 4 é 62 | 3:07 
955| 25 | 55 | 6.6 7 es | 
ad 714) 46 | 48 | 1920) 6.8) 9| 15.4 4 
638/25") 43 | 1927 | 0.75). 3.8/1 1.9 11.2 |" "916 
112] 57 | 85 | 1927 | 0.77/1.51/2.79| 1 61.3 1.9 | 3.7) 6.9) 10.0] 14.4 ™ 4.31 
112) 83 | 83 | 1923 | 0.77/1-81/2.79) 5.814 | 61-3 1.8 | 3-6 6.6) 9.8) 13-8 
ves 91)°57 57 | 26:1 | 67|100|155 | 4 
144) 22 | 57 1927 | 0.70 1.55)2.97 7.3 | 17.6 | 33.6 | 66 100 
854|.-..| 45 | 1920] 32:1 | 67 {100 | 146 
681) 17 | 50 1920| 0.561 543.49 7.202.4 17.2 | 29.7 | 73]100|145 
413!....| 30 | 1920] 28.2 | 76]100 
82.5 | 76 |155 | 
19.9 | 29.3 | 100/128 | 
26.0 | 77] 100/143 
vert 43-2 | 741100 135 | 
779| 18 | 44 | 1922| 0.59,1.12)1.98| 5.0m6.5)} 10.6 | 35.2 | 
390) 41 | 41 | 1927 | | 12.3 | 29.3 | 69/100 /136 
96 | Wilmington, NOG. | 60 1920 | 8:0 16.4°| 43:2 | 57 |100|171 
96-4) E@ugbam, 8. 106|....! 30 | 1920 27.0 | 50.9 | 70/100/144 
97 |Charleston, 8. 2.6/5.7 20:0 | 40 50 | 100 | 165 
98 |Columbia, S. 2.9] 5.2 11.2 70 | 100 | 144 
2.4/6.6 15:8 82 | 100 |149 
105 |Jacksonville, azal s3 | 56 | 1928 | 9.9 | 19.6 64 | 100 | 162 
107 |Jupiter, 21/24") 25 | 1920 | 12/3 | 2272 67 |100 |146 
108 | 88] 26 | 45 | 1028 | 0.581. 3413-05) 9.0 | 55 |100 |148 
24| 24 | 24 | 1926 | 0.7811: 65/2. 72/20. 17.6 63 | 100 |135 
21 | 48 | 1927 | 18.6 62 |100 | 150 
| 56 | 1927) | 34 72 | 109 
nT 32 | 34 | 1920/ 0.62\1.53/3.66| 9.5 52.7) 9] 1.2 | 2.9) 7.0 18.0 | 39 68 | 100 | 140 
118 247| 41 | 69 | 1920| 8.0 | 52:0 | 9} 1:6 | 2:7) 6:0) 15.4 | 4: 78 | 100 |162 


(52) | (53) | (54) 
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(26) |(27) | (28) 


“ON wore 


January, 
FALL FoR VARIOUS PERIODS. 


ed in Inches.) 


ers. 
PEN- 
Raw- 


Maxi- Maxt- Maxi- Msxi- Maxt- 
4 a 4 
9.4} 2.00...] €.8| 3.16)... [23.2] 8.12]...| 7.4] 3.15)...| 9.2] 8.23]...| 9.4] 2.91)...] 6.4) 9.5] 3.56]...| 8.2] 8.65...) 8.6 
5.6 6.4 6.0) 5.5] 8.8] 3.83]...| 7.5] 8.0] 3.141...) 6.6) 2.67)... | 6.5) 2.18)...| 6. 
3 8.3] 8.67]...] 8.17]...] 8.3] 8.62]...| 8.2) 3.89)... 10.8| 3.931... 10.8 
54]... | 7.2| 8.47]...| 9.8] 3.89]...] 9.0] 3.23)...| 7.1] 3.19]...| 7.4] 3.28]...| 8.0] 3.86]...112.6] 8.55)...| 9.5] 8.40)... 3.71)...| 6.0) 7.3 
| -06]...| 6.2] 3.48].../21.5) 3.77|...| 8.7] 3.70]... {10.8 | 8.74)...| 8.1] 8.20]...| 5.6] 9.8) 8.02)...1 6.8 
“ 21|...| 5.6) 2.25)...) 6.4 6.0 6:4) 6.3) 3 33)...) 9.8) 7.2| 3.67|...| 7.1] 3.89)...| 2.94)...) 6.1) 2.76...) 6.0) 2.45)...]) 5.2 
9.9] 8.80)3.3| 8.40/2.5| 9.6/ 8.G0)2.8| 9.8] 3.26\2.2| 8.2| 2.52/4.5| 6.2| 4.8 
18 6.2] 3.20)...] 7.0 7.2] 3.38]. 8.86): 8:8) 7.9) 3.07]... 3.28)... 6.5] 289). 6.2 
-85]...] 3.07|...| 6.2] 3.53]...] 9.1] 4.28)... {10.8| 4.26)... [24.8] 3.40]..+| 7.0] 8.05]...|12.9| 8.00...] 6.5] 2.94]...] 6.6 
| 6:7| 3.26]...| 8.1| 3.68)...| 7.1] 3.23|...| 8.3| 3.75|...| 8.7| 3.63]. .|11-7] 4: | 3:60). 3.68)... 3.64)... | 7.5] 8.54) 7.8 
23 | 10.0 8.74/3.2]10.8 | 3.12/6.9) 8.2] 3. 9.48/4.9) 8.8] 8.71/2.9/ 9.0 
+++ 8.26].../10.6] 4.21]... 3.46)...4 9.9] 3.86]... 10.8] 3.25]...| 8.8 
3.86/...| 8.3] 4.27)...| 9.8] 9.3 3:90)... 9:4) 8.12): 3: 4227]. 8:40)... 8.85]. [20.2 | 4.22)... 20.0 
-6| 3.70...| 9.7 8.0| 3.57]...| 8.0/3.52)...| 6.5] 2.62].../12.9] 7.9] 3.46]...| 9.8] 2.65]...| 7.8] 8.67|...| 7.4] 8.62)... 9.4] 8.75)...| 8.7 
8.2] 8.72)... [0.0] 3.83}...| 8.0] 8.67]...] 9.4] 8.78]...| 9.1) 8.1 
8.08]...|10.5] 4.34]... 9.6| 3.46]... 11.6] 8.49]...| 9.2] 8.55)...| 8.3] 3.82)...] 8.9 
38 7.8 0.4) 3.56)... 7.8 9:3) 8.9] 4.29)... [27.2 3:56)... /13.4) 8.73)... 8.63)... | 8.3/ 3.74)... | 7.6 
-70|...| 7.8] 3.74)...] 7.9) °3.29]...| 3.18|...| 9.2) 8.31]...| 7.9] 4.38...| 9.6] 4.46)...|10.4] 3.40)... [14.5] 8.57]... 11.5) 9.8] 8.41)...| 6.7 
9.0] 5.05)... [22.7] 4.85]... [16.6 3.74)... 4.15)... [14.1] 8.221...| 8.8) 3.90]... 0.2 = 
42 | 9-8] 8.4 8.3 8:5 | 8-09): 6:8) 4.60)... 4.23)... 9.5 8.2| 4.08)... 1.9.5 
| 7.0|3.35)2.2| 8.5) 3.83)2.9| 8.7| 3.91)8.1| 9.4| 3.73/4.2|10.6| 3.3218.3) 8.9| 2.9318,5| 2.60)2.4| 6.3 
.0| 3.042. 25/2.8| 9.8) 3.21)3.7| 2.76/3.8| 6 9412.9| 6.9} 3.57/8.0) 8 8.4] 8.50/2.810.5 
g 1| 8.0] 2.39/2-2| 3.08)2.9 8:3) 2.85/4.2| 7 7.4) 2.92)3.8| 8.772 5.8) 2.64/2.2| 6.2 
+] 5.3] 3.44)... 74)...) 7.3) 4.781... 9 ++| 8.8] 3.66...) 7.8/8 | 7-3] 3.94)...| 7.0 
5.0] 4:6] 36)2:0) 4:8] 3.4212°5 62/3.0) 3.4428) 6 8 7-5] 2.91/82) 5.9] 2 7.0) 6.7 
ba | 6:7] 79)... 7.1| 3.66)... 33), {10-01 4.61).../ 9 37|...| 9 8:1) 8.3/3 . | 5.4| 2.86)...| 6.0 
55 4:3 4:2 34/3.6) 6.8) 3.54.3) 8 7 6:9) 5.9/2 5.4 
22h 5.2) 2.9811.7/ 5.6 3.6118. 7.7| 3.843.0] 6 61/2.9| 8 9.2 5.6| 2.9612.1| 5.6 
60 8} 6.5 3:3| 6 6.5 3:3) 8.2 8.6 9.5 7-2 
2.2) 6.3] 4.06/2.21 4.27/6.2/11 61/4. 8/12 8.2 0} 7.5 
63 | 2 6.2 4 7 87/3.6) 6.4| 4.02/2.9) 9.3] 3.92/2.0) | 9 8 6.8 7-9 5.4 
-910.0] 4. 77)2. 2.2) 7 -2)10.2 b| 8.9 5| 3.32/1.9] 5.9 
69 3| 6.2) 2.42/2.0) 6 0} 6. .01/2.6) 6.6) 3.70/3.2 3.6) 8 8. $:3 He 3 
7 | 4 1| 8.9] 3.98)1.8] 7 7| 8] 4:3) 4. 8. 4| 8.95)2.1| 7: 
-1| 4.56}... 93)... 7.7 . 9| 8.14)...| 6.7 
4. 7.3/14.4| 3.1915. 2] 3.02/2.7| 7.6 
q 2 3} 7.1] 3.003.5| 7 5| 3.0] 9.1] 3.9814.0111.0] 4. 2.93) 9| 3.25/3.2| 8:3 
| 3 6} 7:2] 7 7.1013. 5.8 a | 2:89)3:8) 8:2 2.97) 3.908:5| 8.2 ; 
| 6| 8 2.4| 9.1| 3.80|3.3) 8.7 3.4 10.4 0.4 2-2 2.8 3-13)2.5 
4.59|5.8] 9.1] 2.99]3.0] 6.2 2. 3.09/2.6| 6.5 
3.91 8.9) 4.2 28) 1.0) 5.29/5.006.5, 8.2 2.69]... 6.0, 8.77]... 6.6 
Sa | 7:4 $-0413.0) 7 4:0] 9:9 2.2218-9) 6.7] 3.4012-4| 7.8 
140)... [13.9] 4.16)... }...| 7.8] 4.61|...|11.9] 5.55)... (12.7) 6.72)... 5.16)... 758)... 13.0] 4.55)... 13. 
4 -1| 5.76|18.924.9| 6.10]... 15.4] 4.01]...] 9.2 -| 6.6] 2.10)...| 5.2] 8.2 
1470] 5.25]... [12.5] 3.48)...| 8.9) .| 7.5] 2.67|..:| 7.8] 3.89]...} 8.2 
103 $8 13:5] 7.9) 4.4414.8 3.73)3.9)1 3.7| 8.2| 8.02)4. 4/10. 8.6) 2.77\3.3| 8.2| 3.99/2-8) 7.4 
| ton _| 310-2] 2.85/6.1 5.6/1.1) 118.8, 6122.8) 5.42110.4 22.9 9-4) 6.8 
108 | 0! 9.7! 6.92/4.0121-7 6.374.925 2) 1 8.08)16.1 179 
10 | 2 2.51]4.1 2.59)2.1) 7.7) 1.89)/2.9) 3.4) 9.4) 7.13/6.5/13.6, 8.52/5.023.4) 2.77/4.2) 4.9 2.1818.9) 7.4 
111 | 3.4313.8|10.6| 4.7| 9.3| 4.70)5.4)14.9| 7.6817. 1]17.3| 8.50)10. 27.7 8] 6.9 5.18/6.015.0 
| | 2 2.96/8.2) 6.8] 
117 | 5.084.1] 9.8) 5.305.0 4.96)5.8)10.6| 4.52)9.5/1 4.62/3.7/20.1| 3.396.9]11.7| 2.143.0] 8.5] 2.96)8.2] 6.8) 
118 | 4:763.6 5.387.1/14.6| 5.2814. 6/2: 4:67)8.0/10.9| 3.50/4.0]11.1| 3.246.2/10.5| 2.746.4]27.8) 6.165.8)13.8 


RAINFALL CHARACTERISTICS [Papers. January 


TABLE 1.— 


Continued.) 


OBSERVED OBSERVED PRECIPITATION, IN PERCENTAGES 
oF ANNUAL RAINFALL. 
fic Number of 4 Maximum. 
as) (25) 
|New Orleans, La. 51) 57 2.7/3 56.8 8 10.1 1; 2 ‘ 
\Shreveport, La. 249) 56 0.59 6.5 44.3 6.9 1,2 
Dallas, Tex... 16 | 51 [1927] 0.81 13.7 37.3 8.3 a: 3 
[Pore Worth, Tex.. 30 | 34 1927! 0:58 a7.6 13 13:0 8 
\Palestine, Tex... 510| 42 | 41 {1335} 0.50 17.2 40.7 1 2 
|Taylor, Tex $3) 22 | 25 22, 0.90 3 30-8 1 7 
San Antonio, Tex. 701| 36 | 1:7 il 2 
‘Corpus Christi, 20/41 | 41 . 2 6 1 
\Brownavi ex... 38}....] 50 0.8 5 2 1.47/2.0) & 
Abilene, Tex. 2 0.7 132 3 
Amarillo, Tex.. 3 1a 3. 1; 2 +4 3 
\Oklaboma, Okla 1 12.3 1.2 1. 3 | 
Fort Gibson, Okla 13.1 1.2 36 2:27): 3 
Bentonville, Ark.. 1 | -58 2.23] 5.1/11.2 0.9] 1.8 | 3.8] 5.4) 6. 2 37 2.58 1 
Fort Smith, Ark.. 457| 41 | 41 57 1.14 2.06] 5.1/15.0 1.1] 2.5 | 3.0) 5.4] 2 
Little Rock, Ark. 397) 31 | 48 601.12 2.42) 9.6)16.9 0.9] 1.2 | 2.3] 6.0} 8. 1 
Memphis, Tenn. 409) 57 -78 1.08 1.97) 9.7/8.2 | 33.4 0.9] 1.6 | 2.2) 4.2) 7. 1 
Nashville, Tens 751.26 2:09) 6.0/14-6 | 52.7 0.8] 1.6 | 2:7] 4.4] 9 1 Wo | 4 
Chattanooga, Tenn | 60 1.31 2.55] 7.6)15.3 | 32.7 0.8] 1.2 5.0) 9. 2 ‘ 
Knoxville, Tenn. 242.04) 35.1 0.7) 1.2 | 2.6) 4.2] 9. 2 
Lexington, Ky. 62 12.37] 5.4/1.1 | 28.7 0.7] 0.8 | 2.0 6.3] 8. 2 
Louisville, Ky. 525| 50 | 57 | 01. 29.2 0.8] 1.1 | 2.7] 3.6] 8 i | 
Evansville, 8.9]14.6/ 29.0 0.9] 1.2 | 2.8) 6.5] 7 a3 
358] 50 | 57 5.7)15.0| 26.5 0.9] 0.8 | 2.1) 7.6] 9. a: 3 
47 3 
St. Louis, Mo.. 567/ $7 | 92 7.0/17.1| 23.4 0.9) 1.4 7.4) 11. a3 3 8 
|Hannibal, Mo 534| 25 | 43 5.4/11.6/ 18.3 0.9] 1.7 6.3) 11, 2 
Columbia, Mo. 784| 20 | 37 | | 21.3 0.9] 1:9 12: 2 
Oregon, 1 045) 30) 68 7.0115,0) 21.4 0.9 60/100) 140 2 1.391.0 
‘Leavenworth, Kans... 913]....| 87 15.8) 14.6 14. 42|100/173 | 2 og 
Manhattan, 1 031) 65 13.0] 15.1 14: 48/100) 143 | 2 2 
Dodge City, Kans... 2 509) 48) 49 1 12.8/10.1 14. 50 100 | 166 2 1 
Wallace, Kans... 3 303] 30] 53 ° 12.6] 7:4 ag: 46/100 210 | 2 3 
2 8.5) 11.2 1 14. 61/100) 178 | 4 | 
i 14:2) 1521 12: 54] 100/147 | 
1 15.5 i 16. 54/100)172 | 1; 2 2 
1 15.8| 18.2 0. 8.3] 14. 57/100/177 | 2 61 3 
1 18.7 2.1] 44.9)... 10. 60 | 100 | 144 1.28...| 8 
1 19.3 4) 55.1) 0. 8.1) 13. 68/100) 165 | 2 62 3 
Davenport, 55 1.38 17.3 2.4) 46.3) 0.9 x 3) 8.4) 10. 53 | 100) 145 1; 2 63 1.51 | 4 
Keokuk, iow 50 1.18 21.8} 33.6) 51.6] 2.0] 2:7 | 3.5) 65/106] 154 | 2 
Springfield, 1) 49 1.41 26.4) 58.2| 0.9] 1.8 | 3.9 7.6) 10. 63 | 100/ 160 3 26 
Peoria, | 1.04 2 7) 53.3) 0.9] 2-4 | 3:0 6.4) 67 | 100 | 154 2 1:782.9 5 
Chicago, | 84 0.90 33.1) 47.1] 0.8] 1.3 | 2.7 4.6] 9. 68 | 100| 142 2 8 
| 
Fort Wayne, Ind 52 1.27 7| 37.1] 47.0].. 2.2 | 3.4) 6.1] 10, 72 | 100| 127 
87 1.30 '3| 40:4] 57:6] 2:0 | 3: 9 75 | 100/143 2 ee | 
1.38 38:8] 48:3] 0:8] 3:0 | 3 9 76 | 100 | 126 2 
Obio. 93 | 1927) 0.781.78 49-7) 65.2] 0.8) 1.9 | 4 8 #4 | 100) 160 de 
Obi 57. 00 | 14 “sala 7 
41:2] 61:8| 0: 63 | 100 | 150 3 
-5| 386.4) 51.3] 0. 9. 100 | 141 2 o7 6 
24.1] 53.5] 0. 100) 167 2 2631.9 5 
-5| 33.1) 46.37 0. 8. 71 | 100) 140 2 6 
Toledo. Ohio... 3] 32.7] 45.9] 0. 8. 67/ 100/145 | 2 3391.8 6 
Detroit, Mich. 22.0] 47 0. 10. 66|100/149 | 2 
4| 30:8] 45:4] 0. 63/100) 157 | 1 2.071.8 & 
30:7) 45.6] 6: 9: 57/100} 148 | 2 
Marquette, Mich. 7) 41.2] 0. 64/100/133 | 4 
Milwaukee, Wis 50.4] 0. 11. 61] 100) 164 | 1 
52:9] 0: 10 43/100) 169 | 2 me 
8 7 54/100) 144 | 2 
.2 0. 15.2 37|100|183 | 1; 2 
0. 12.2 64/100) 169 | 1 185, 4 
0. 12-4 43/100) 147 | 1 3 
1 1. 20.3 65} 100) 182 | 4 
1 6 22.3 60/100|153 | 2 188 0.50...) 1 
189 0.541.4) 2 
1 10.2 18.4 49/100) 144 | 2 
1 7 8 1. 16.5 46/100) 139 | 2 90 0.51.4) 2 
3 6 1. 13.6 64/100)153 | 2 4 9.40.9) 
3 ° 18.6 2 
6 20 1 12:9 2 93 3 
6 0. 8.2 1; 2 0,380.9 2 
195 | 1:8%1.6 7 
Kalispell, Mont. 2 7 10.1 2 | 0.800.9 2 
Helena, Mont. 4 7 15:9 2 | 3 
1. 
Pocatello, Idaho. 4 3 1. 11.3 2 
se, : x | 1.391.5) 4 
1 0. 10.5 2 1,912.2 
1.391.4) 4 
1; 2 203 -101.5) 4 
0. 16.5 13; 2 | 19-49): 5/29 
50.1] 7 16:7 2 3.5816. 9113 
7.5] 1 18.9 2 16). ..|29 
7-7) 2 10.7 2 7 
21.1 33, 15.7 2 3 
Moaumental, N. $9.3 |109. 19-4 2 
Crescent City, 
Fort Gaston, 34-8 | 54. 13.6 
jo, Ci 21.6| 3 19:4 2 
28:1.) 19.6 2 
Red Bluff, Calit 12.9] 2 2 4: 2 
Marysville, 10.8 | 2 
Ross, 
Point Reyes, ‘Cait: 7.3 | 20.6 3 6 2 
Mt. Tamalpais, Calit -6/13.5 | 27.5 2 2 2 
Sen Francisco, Calif. 9-0 | 22.5 
‘4 | 21:2 | 65:6 4 2 
:7| | 16:7 2 
Luis Cait: +2] 6.9 | 21.1 2; 4 
ta Barbara, Calif. 2 -2 18.7 3 8 2 
Los Angeles, Calif... 6 2 
8.2 | 33.8 8 2 
-7| 3.9 | 10.7 6 7 2 
3 3 2 a; 
2 7 8 2 
20 2 
3 2 
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“ON 


~ 
um. 3 
$.213. 2.88)4. 2.764. 7.9) 1. 
a (45) 4.61 16.5 10.9) 574.7 3.9155. 
= 6 922.7 3.04)7.0) 733.7 9.4] 2. 20.1| 
2) 23\8. +9) 3.04) 7.61-2. 5.2 
} (32) 33 4.310 0.0} 2. 8 49]... 
(2) | (15.9 | 4.82 3. 28 
7/5. 7118.8) 4.26 ole. | 
9-8) 4-28 8.2] 5, 5 
1.1 45'3.5, | 374.4) 7.6|4. 48 1.9 7 
q 3.7) 7. 952.5) 7 64 9.2 9. 6 813.5 
2.9 2.2) 5, 7\4.0) 2.81 13. 5.9 3) 4. 4.37 13.5 
8 | al 8. 632.3) 1.3 04.6) 2) 2.8: 3)15. le 14.5 O76 .2/18.5 
24 3.1 7:31 3 01/3. 1.9] 3. 3.2 3.11 7.. 2.72)6. 2116.5 4. He 
26 5.6 5.8} 8.0) 5 24 3.49]... 1.8 3.1514. | 2.78\4.3) 3:3 $8 4.21/3.. 
28 4.6) ial 1:9 4 3.7 2:92/3.1 7.9| 3. 8.5) 3- 
| 3.2 2:9] 0:77) $2) 3.40l4.5 9-6 7.9 3| 7-8] 3.37/3-9 sils.o} 7. 
42 ‘16... +05 1. 8.6 71/5. 3.6 3) 9. 
33 4. 3.2: 1] 5. | 11.2! 
2 4. | 3.28 4 56|3. 0.5/2. 3) 2.7 3.71/4. 51/8. 6.0 
36 3 | P 6/3. 8) 9. 4.5) 7. 4) 8-7) 1.95)2.2) 4.4 
3} 3.89) 5.47 10 7 | to. 12.0 0.5 1.35) 3. 
4 32|3.2 2.4) 44 | 9} 2. $| 2.39)8.3) 7.7) 2: 2 
39 | 7 3-3 8. 1.69) 1.16]... 3:8 
5. le 3. 3 1 3.95). 6.5 7.8 9011.4) aa 
43 13 404 80... 2.24) 3. 0.4411. 59)... 4.0 
1 9 26/4. 9.3 3/1. 0.83 2. 
44 3.203. 4 7615.9) 0.9: 7.1, 0.9111. 
| 3.sal3 4 8-1] 1.08)... 8:91 1. 1.27]...| 
8.5 6.8, 45)3.5) 3. 4 38}... 2516.8) 9. 1.35)... 5.4 
6 31 6.2) 1. 5. 1.4 | 8.013. 3! 3795: 2. sils.2 | 2. 
6 3. 3: 3.952. 4 3.15)6. 8-8) 3-34) 4) 8. 6. 
58 8 | 6.1 3.246.8) 9.3 2. | 3.0712 21 7. 
2. 1.8) 4] 8.22\4. 7.3 6215. 2) 4.3) 9. 2.96} 8. 
4.385 11.5 7.0 0.9 613.4) 2:9: i, 4 
12 61 | 3. BS: Al 11.7 3 8 2.51 
a2 | 68 | 3: 3.092. 3 8:0 3:19. 8: 41/2.3 7. 8:8] 2.9 
+4 q 2 7.8) 3 8.5 $-2) 0.9) 2. 7.5) 1. 
| i: 2 16 2] H 5-5) 0:51/1. 1:0 
610. 9.1] 3. 6. 0.83) 3. 0. 
1 19 2. 4 1 012. 1. 0.45 8.9 
9) 43.4 8.0 6-3) 3-058 1| 0.9 2-5 
2 1. 1.3 9) 3. 38/2. 0.58) 4. 
1 83 1 a. 3-9 x 1: 1410.8) 4.8 
1; 2 2 4.2} 8. 4.7 3.1] 0.9 2.4 2. 3-4 63 
69 87 3.8 2:6) 1.4 2.2) 3. 0.9 3. 1.40)2. 4.2) 1. ° 
92 4.5 8 1.0: 1. -6 1. 1. 1.8 4 
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3 | 2 42.0 6. 3.2 3-3) 10.1) 9.1)12. 
2 1.6] 4. ‘si 5. i212) 13.4 48)4.4)15 13. 
6 1 4.9 0.66 «as 4.0 
% a 3.4 3 10:5 ical 3:3 5.9 
130 | 2 99 | 1 8.2 9-31 3-9 38 6.2 16 
pot I aca -0 0.5 -3} 6. 4 15.2 
140 2 | 769}... | . 0.1 2:7 eal... 9.8 2.65) 
| 3 BO. 3 lo 2 .| 0.9 3.5| 0 8-6 $-§ 
4: 19 1 ajo. 0:3] 0. 0.63)... 4. sol2.7 
2 28 4 7.5 1.37]. os p.8| 1. 8-91 
a: 1.3 
0. 
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Station. 


‘Station No. 


246 | Bakersfield, Calif. 
247 | Death Valley, Cai 
248 | Independence, Ci 


251 | Yosemite, Calif. 
252 | Merced, Calif. 
253 | Lick Observato: 
254 | Stockton, 
255 | Mokelumne Hill, 


256 | Tamarack, Calif. 
257 | Placerville, Calif 
258 | Sacramento, Calif 
259 | Folsom, Calif. 

ro, Calif. 


261 | Nevada City, Calif. 
262 | Lake SpauMing, 
263 | Tahoe, Calit.. 
| Truckee, Calif. 


269 | Clover Valley, Nev. 
270 | Wells, N. &., Nev. 


271 | Kelton, N. W., Utab. 
272 | Corimne, Utab......... 
273 | Salt Lake City, Utab... 
74 | Strawberry Tunnel, Utah 
275 | Modena, 5. W., Utah 


273 | Moab, 8. EB. Ui 
279 | Fort Duchesne, Uiab. 


Steamboat Springs, Colo. 


Marshall Pasa, 
286 | Leadville, Colo. 


287 | Long's Peak, 
288 | Greeley, Colo. 
289 
290 


291 | Lake Moraine, Colo. 
292 | Colorado Springs, Colo. 
293 | Pueblo, Colo..... 
294 | Las Animas, Colo. 


295 | Raton, N. Mex...... 
206 | Anchor Mine, N. Mex. 
297 | Taos Canyon, N. Mex. 
298 | Fort Union, N. Mex. 
299 | Senta Fe, N. Mex...... 
300 | Albuquerque, N. Mex. 
301 | San Marcial, N. Mex. 
302 | Roswell, N. Mex... 
303 | Las Cruces, N. Mex 
304 | Fort Bayard, N. Mex. 


305 | Fort Apache, Ariz..... 
306 | Flagstaff, Ariz. 
307 | Grand Canyon, Ariz.. 


314 | Cbibuabua, Mexico. 
315 | Mazatlan, Mexico 
316 | Monterey. Mexico. 
317 | Leon, Mexico..... 
318 | Mexico City, Mexico. 
319 | Puebla, Mexico... 
320 | Oaxaca, Mexico... 
321 | Merida, &. E., Mexico. 


322 | Corozal, Belize 
323 | Belize, Belize. 


329 | Sam Salvador, Salvador.........+.- 


330 | Rivas, Nicaragua.......... 
331 | Greytown, 8. E., Nicaragua. 


332 | Sarapiqui, Costa 


333 | San Jose, Costa Rica.... 
334 | Balboa, Canal Zor 


335 | Gamboa, Canal Zon 
336 | Colon, Canal Zone. 


337 | Porto Bello, Panama .....+.++++++ 
338 | Cartagena, Colombia. 


340 | Caracas, Venezuela 
341 | Ciudad Bolivar, Venezuela... 
342 | Calabozo, Venezuela. 
343 | Merida, Venezuela. . 


2344 | Bogota, Colombi: 
345 | Medellin, Colombia... 
346 | Buenaventura, Colombia 


347 | Quito, Reuador.... 
348 | Guayaquil, Ecuador. 


Cailloma, 
352 | Arequipa, Peru..... 
368 | La Joya, Peru.. 
354 | Mollendo, Peru.. 


| La Serena, Chile 
369 Santiago, Chil 
360 | Punta Galera, Chile... 
361 | Valdivia, Chile. 
362 Evangelists 
363 | Punta 


364 | South Orkney Ie 
365 South Georgia Is 


Stanley, Falkland Is. 
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22. 96.4 | 34 
24: 28.6 | 50 
13. 95.0 | 20 
49:0 | 
24. 61.0 | 39 
19. 56.1 | 53 
17. 105.8 | 22 
21. 1230.0 
19. 97.3 40 
10: 96.2 | 40 
21. 70.7 | 50 
1: 71.4 | 38 
19: | 52 
19 79.9 | 44 
15 73.4 | 48 
22. 78.7 | 55 
19 66.8 a5 
jay 82.0 | 43 
20:8 86.8 | 35 
19:7 68.5 | 49 
18.6 79.0 | 49 
0 70.4 53 
24:0 87:5 | 69 
22:2 79.6 | 2 
21.0]......| 85.8 | 43 
20.0 | | 83.0 | 57 
35 
15: 54 
37 
10 -8 | 23 
7 43 
az | 63 
11.5 | 59 
| 45 
13.3 4 | 40 
17:4 | 54 
9.2 | 47 
15:9 1 | 6 
7.8 | 
10:2 12 | 64 
9:0 Oo | 44 
16:0 4 | 48 
14.7 9 
11:0 3 
13:2 1 
14.3 4 
13:6 20 
23.3 
8.6 3 
13.1 9 
15:6 
4 
12:5 
19.3 7 
16.1 
20:8 5 
15.4 
9.7 
20.3 3 
13:8 22 
20:2 4 
20:6 2:0 
18.6 8 
12.4 3 
8:5 
17.3 
16.6 
5 
22.2]. 
17.0 
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40.5 28 
10.4 | 29.2 66 
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6.8 | 36.5 | 86 
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oo)....| 22 | a922 8-8 19:4 | 13.2] | | 
.9| 25.7 | 53.0]202.8].... 172 
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-5 | 6.4! 14.5] 3 177 37 
403) 64 | 54 | 1927] 2. | Mol ize | 2 | 169 
280 | .......... = is” | 37 0. | ass 
23 13 300 ‘ 
308 | Fort Mobave, | 48 | pl ass 2 33 | 
310 | Phoenix, | dean] | 24:2 335 315 0. 
saad 5.2] 86.7 120:3 59.5 | 67 [200] 180 321 
327 | Guatemala, | 4 855)... | 29 
328 | San Francisco, Guatemala......... 100/122 [15 
| 1900) 81.8 | 69.8 123-4 | 0.8 [86-8 | 
asd... 34 | 1906! 19.6 10.8) 1643 0.6 ‘abe ane. 
Majxima| 16 6.6/28.4| 62.0 | 90.8) 136.2) 33-8 100] 132 | 4;15 


RAINFALL CHARACTERISTICS 


(Continued. ) 


4.6 


Sorin 


0. 


& 


S55 


0) 


SES AN 


0.36)... 


ater 
BEANS 


PeBRUARY. 


(53) | (54) (55) 


2833 


ON 


(82) 


|(51)) 


RERSS 2525 


Soscco 


| 


(48)) (49) 


HORS 


O 


= ae a Yo 

@ an : 

S835 4 a3 3 
ae ao 4 © 
& & FR SS 

58 88 & SS 
eS & Sa SE 
ory Stent S 
SS 28 8 
25.5 
casa 8 : 

£2 & ry 

oreo avg 

a "8 3 
R ARS 

a es ao & 

a 

29.8 


SARE 


15.5) 9.53). 


-2)12.6) 7.46).../13 
«+ .|20.2) 


Sonssoosss 


BA 


40)... 


3. 


30.215. 


9.0) 9.04)... 
7.8) 8.247 
3.6] 2.96)... 


ous 


1.0) 0.26) 


oo 


wos 


0.67)... 
3.57). ..|12.0/10.50) 


1.76)... 


41.20). 


5.7] 3.00 

8:3) 
6.3) 7.73]... 

4.5) 2.36]... 


0.07)... 


AGO 


2.2) 0.77)... 
3.0) 0.7 


0.84...) 


JaNvary. 


Soars 


BSSs 


aN 


(2s) 


337 
338 


January, 1930.] 
| duty. Maxi Mex 
Mancu. | | | Mest | mum. 
a 56) |(S7)) (58) f 
8) |(39) | | 2.7m... 3.9 
>| = aan 8. 6-80)... --: 2:7) 1-7) | Veal 0.01)...] 0. al 6.1 
2 3.4) 0.5 5.7) 0.80)... 1.18...) 2.7) 0. 0.4) 0.021... Pes vee} | 
0 2. 19) Ocal 2] 1:0 10:3) 0:3) 0:01/0:2) 0: 2.36]... 
1.13)...] 31)...] 1.9] 0.19)... 0.27)... | 0:95), | 3-2] 6:7 1:5] 0.01 | 2.97)... +O} 1.35). 
31) sel... 3.1 0.10/60. 2.4) 1.1 3 70). 
2 7 0.46... 2.9) 0 1.28).. 2.9) 0.29]... 29! 1.8) | 2:70)... 11:5 
247 | 2| 3.9! 0.4 | o.19)...] 1.4 0.5! 0.22)... 6.4 en 
7 | | 1.42)... 0.90)1. | | 0.85}...; 3.1] 0. ©.2) 0.02)... 3| 0.47/...| 6.2 3.6) 6] 
4 2 1.89)...) 26] 0:84). 275) 013 3:8 0.08)... 0.1 0.04...| 0.2 4.2) 1.47)...) 5. 9.8 
[22.0] 1.47)... 8 0.10... 3 0.02). 2.43 6.3! 4.81)... 6| 7.06]...|22. 
9 = 73|.../22.8 9. 0.9 ‘ 3}... | 4-2) 2-12 6.0) 3. 
232 | ++] 2-29)... 0-98...) 6 0.83)... 0.82.1) 6. 4.231. 
258 21.1) 3.90 6.34]... | 10 62). 0.11)... | 8) 0.92)... 
as 5.06)... 3.63 22.5! 2.31...) sal 2 2. | 6) 3.84...| 
7 250 82 .. 123.11 5. | 22 ...|22.5) 1 4 2 lo}. -4) 9. 
261 1 + (49.011. 63 2| 3.59)... 711.4] 1.5] 0.65)0.7 3.7) 0. 
3 273 | 341.1) 3 28|...14 931.2) 40... +4 | 
8 use 74...) B89... 1.61)... | 2.¢6)...] 3. 1.67)... 0.80): 
285 1.74). 3 2.47). ol2.2 2-66). 3.98 1-63). 3: 34)... i 
288 | 0:8 0.9) 1.3) 1 2.61 6.3] 0.75.4) 0:69}... | 
9 200 4. 3.4] 1. + | 4-9) 1.55)... 1.7] 1.35).. 
7 1 295 1.892.113 2's] 4:2 1.068 1.32)... 119385! 6 3.1 2.8] 0.57|...| 2.71 0. | 
3}... 5 1 0.55)...| 4.2 § -18/2. | 2] 0.77]...] 3. 
6 0.32)...| 3. 4.3] 0.41]... 328 8). . 1.9 
0.96)...) 3 62). 5.2) 6.7] 1.23)... 0.05)... | 
2 | Mis hn 3.68)... 24 4.2 21:3] 3.3) 0:09/0.8) 0. | 
12 | 4 42/2°6) 3: | | 0.29)... 
| i | 0:33) 10.9] 8.74]... 
5 wal 0.50 : 11.83]... 
2 331 | 22:50). | 16.6! 620.9 
15 0.490.5)... 2 ‘2 36]... “1% 
‘a 4 348 | 9.92)... 9.75). pape 2-8 
| q 8.1) 1.18)... -9} 1.39 246). 9.0) 2.80)...| 4. 
| 8-9) 2. 2.7) 1.82)... bg 8.3) 2.20)... 4.8] 2.05 
36)... 
2.76)...] 6.6) 2.28). 
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‘Mation No. 


Peechywarrina, Australia 


RAINFALL CHARACTERISTICS 


Station, 


San Juan, W., 
|Tucuman, N,, 


|Aaunclon, Paraguay 
Montevideo, Uruguay 


Curitiba, Brazil 
Alto de ‘Serra, 


Cayenne, Guiana 
Georgetown, Guiana 


Port of Spain, 
Sangre Grande, Trinid: 


|St. George, Granada. 
| Barbados Island... 


Fort de France, Martinique... . 
Morne des Cadets, Martinique . 


Christiansted, Virgin Is. 
St. Thomas, Virgin Is. 


San Juan, Porto Rico.. 
‘Toro Negro Dam, Porto 


Santo Domingo, Haiti 
Port Au Prince, Halt 


Morant Point, Jamaica 


\Santiago de Cuba..... 
Isle of Pines, near Cuba 
Havana, Cuba....... 


Nassau, Bahama 


Father Polat, 
Montreal, Canada. 
Toronto, Canada. 
‘Winnipeg, Canada. 


Prince Albert, Canada. 
Edmonton, Canada.. 

ry, Canada. 
Barkerville, C: 
Victoria, Vancouver, Canada. 


Dawson, N. W., 
Eagle, 


‘St. Paul Island, Alaska 
‘Dutch Harbor? Alaska. 


Midway 


[Kealia, Kaual, Hawatian Islands... 


‘Luakaba, Oahu, Hawaiian 
Kaanapali, Maul, Hawa! 
\Puu Kukui Maul, Hawaiia: i 
Maui,Hawaiian Islands 


Hilea, Hawaii, Hawaiian sland 
ing 
lalden 
Papeiti, Society 
Rarotanga, Cook 
pia, Samoan Islands 
(Pago Pago, Samoan Islands....... 


‘Suva, Fiji Islands. ... 


Auckland, New Zealand. 
Wellington, New Zealand. 


Hokitika, New Zealand. 


Noumea, New Caledonia. . 
Col D'Amieu, New Caled 


|Talagt, Solomon Islands. 
locean Island. 
|Nauru, Gilbert 
Jaluit, Marshall Islands........... 


Namatanal, New Ireland 
Paniola, New 
Peterhaten, French Islands........ 
Port Moresby, New Guinea........ 


Crohamhurst, Australia 
Brisbane, Australi 
‘Sydney, Australia. 
|Melbourve, Australia... 
Hobart, Tasman 
Adelaide, Austral. 


Alice Springs, Australia 


Maxime OBSERVED 


PRECIPITATION. 


TABLE 1.— 


OBSERVED PRECIPITATION, PERCENTAGES 
or MEAN ANNUAL 


For day or ipss, 
For month an@ 
year. 

Last year 
Inctuded. 
Day of 24 bourr. 
Month. 
Minimum. 
Mean, 
Maximum. 


4 


Maximum Maximum. 
During Short 
Periods. 


Mean for month 
of maximum 
record. 
Main references. 


Minimum. 


(19) | (8) 
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en 
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100} 205 
53 |100| 214 
64 144 
| 5 181 
39 |100 | 136 


44 |100/ 151 
100 | 244 


100| 136 
100 | 155 
100 | 150 
100 | 275 
100 | 194 
100 | 134 


100}... 
100 | 138 


100) 145 
100}... 


100) 163 


or & 
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100}... 
100 


54 |100/ 159 
+4100 


100 


ne 
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84 |100 
47 |100 
79 |100 
57 |100 
72 |100 
78 |100 
69 


100 
100 
100 
100 | 132 
100 | 163 
100| 169 
100| 130 
100 | 123 


100/| 126 
100] 160 
100) 141 
170 
\100 | 138 
100 | 150 
100/116 


100)... 
153 
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6 
4 
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4: 
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52 |100) 150 
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38 

| | 
| @ | © | «| (19) ay) (1) | | | (17) (18) 

368 |Ajo-General Lavalle, Argentine.... 49)... 67 | i924 TLD ‘ 

383 | 1s | 59-| 1920 j....|....|....| 3-2/17.5| 39.5 | 63.7| 92.6/.... 18.9] 5.0] 27.5 | 62 
886 512| 12 | 80 | 1920 66.7 | 76.2/106.0 ).... 22.0 5.7] 27.5 | 74 
386 182| 7 | 65 | 1920 27.0 | 54.8] 80.3 |.... 28.9] 8.4 | 61.8 | 49 
3 
2) | 25 | 27 | 1925 45.9 | 60.5] 79.0].... 9.5 | 27.3 | 25.5 | 76 | 130 
304 123) 41 | 49 | 2925 54.0] 76.3 | [35.7 | 60 [200] 142 8 

99| 52 | | 2920 25.5 | 51.0| 79 0.8 15.8 | 46.0 | 50 100] 156 | 6 401 
403 |Prospect, 151/47 | 55 | 1924 39.6 | 57.8] 87 18.5 | 37.0 | 69 |100 4 402 
404 |Sable Island, Cansda............. sh... 30 | 1920 48.4 | 52.8 679M 131 403 
405 Charlottetown, | 50 | 1925 18.5 | 39.0) 56 | 26.6 144 
410 | 40 | 1925 |. 13.8 | 20.0| |.... 50.5 | 336 | 33 

415 228).... | 85 | 1925 30.4) 51.0 ).... | 43.0 | 68 4 413 
416 |Sitka, 65/45 | 64 | 1922 5.0) 86.8 1140.3 6.9 | 30.1 | 68] 2;20 
417 |Juneau, 84/18 | 36 | 1925 |0.110.18/0.53) 5.5 81.6 |106.5 | 0.5 1.3 6.5) 6.7 | 25.2 | 55] 2; 4 415 

i 418 | 2 | 26 | 1925 14.4) 17.7 |.... 2 20.2 | 4 

419 | 838] 20 | 25 | 1922 1.91 10.8 | 13.5 2] 17.6] 43.5 | 58 23 418 
420 — 500} 17 37 | 32.7] 38.7 | aca | | 39-3 | 6s 2 

421 |Tanana, 223/18 | 25 | 1925 3.1) 12.6 | 17.7 | 0.9 18.8 | 16.7 | 46.1 | 62 2; 419 

Nome, 28) 15 | 16 | 1922 2.3) 17.4] 29.5] 18.5 | 13.2 | 48.4 | 54 420 

425 16/35" | 1982 62.7 | 72.1 0.6 | "66 32:3 | 65 3; 

427 14] 16 | 19 | 1918 8-7/24.3) | 40.8) 62.5 |.... 21.3 | 59.5 | 42 2 
428 BU, anus. 38/23 | 54 | 1927 3 |. 30.9) 55.9 | 0.6 12.6 | 43.6 | 81.0 37 |100/ 180 4; 1 
429 1111) 16 1918 7/36.9 [160.3 [205.0 | 0.4 gia | 6:7 | 23:0 | 60 | 2; 7 7 
430 12}....}20 | 1918 5 20.2 | 33-5 |.... |......] 91.4 | 27 1100/1266 | 2 
431 5 000).... (06.02) & [370.2 [562.0 |... 9.5 |......) 25.9 63 }100/152 | 2 
432 175) 16 | 27 | 1916 7 | 27.8) 54.5) 0.7 16.8] 22.2 | 85.8 31/100) 196 | 2 
433 | 1 000/16 | 14 | 1918 |.... o |397.3 | 0.3 |......|....]....| 11-4] 8.6 | 27.9 | 52 j200/256 | 
Xawainul, Hawaii, Hawaiian Islands. 4 080).... | 1928 |.... D.5 [276.6 [503.7 | 10.0 30.5 38 [100 182 | 
435 aimes, Hawaii, Hewaiian Islands. | 2 700)... |28 | 1918 4.4 | 43.5| 80.1 22-5 62-8 | 62 [200] 186 
436 Hawaiian Isiands. 6 6851... B | 32.3 | 53.4 | 50.6 59 |100 | 166 
437 (|Hilo, Hawali, Hawaiian Isiands..... 40/16 |38 | 1918 [239.4 |104.2 | 0.4 10.9 | 10.4 | 42.0 65 |100/139 
438) «(Vole is 4 000)... | 1916 (42-3) 97.6 | 83.6 1132.3 | 0.7 13.6 |......| 49.3 57 200) 158 
439 2 150}... | 33 | 1918 3.9 | SB.2 1114.6 41 |100/| 197 | 
442 | 1910 8.9 | 28.6) 93.6) 1.4 
443 | 20/.... 135 | 1909 12.3 | 55.5 /130.3 14 

445 9| 29 | 32 | 1920 68.8 |107.2/172.7 |.... ; | 9 
447 |Delanasus, Fiji Islands........... 10] 10 | OBO] | 2 ae 28 

450 225|....| 72 | 1928 26.3 | 43.9] 449 | 10 

454 55 | 1914 19.6 | 43.5] 75.8] 0.8 33) 8 

455 | 2.180222] © | 2026 18-3] | 0.6 ek 

457 12 |12 | 1016 8008] 456 | 12 
458 26] 16 | 16 | 1012 1.7/20.6| 21.4 | 64.2/163.2 |.... 2 ast | as 

462 |Yap, Caroline Islands..........+.. 106| 20 | 20 22.9 m | 
464 19 | 29] 2023 |....]....]....] 42.2 | 84.0/138.3| 
466 29 | 1920 21.6 | 40.8] 72.0] 
466-4 | 2 400] 20 | 20| 1012 24.7 | 80.1) 202.7|.... 2 
467 74 74 | 1925 16.2 | 45.3] 88.3) .... 7.8 66 

468 138| 67 | 85 | 1924 8.9/75.4) 21.5 | 47.9/ 82.8].... | 1.5 | 2.8] 6.1) 11 18.6 | 53.0 | 45 175 4; 29; 466-4) 13 
469 115) 67 | 70) 1925 3-8 7.8) 15.6 | 25.6) 44.2) .... 13.7 | 30.8 | 61 100|'172 403 
470 177| 59 | 83) 1925 |... 6.20.2) 13.4) 23.8] 43.4) 21.0 | 42.7 56 |100) 182 35; 12 th 
471 140] 87 | 87 | 2925 8.6] 12-4 | 22-2] 30.9) 26.5 | 40.6 | 54 100) 146 ‘ j 

472-A) Nullarbor, Australia. | | 5.9) 3.6 | 9.5) 18.9] | 62-2 | 38 100/199 | 15 
475 |Darwin, N. W. Australia.......... | 55 0] 2.8) 18.0 46.1 | 66 100/141 4:15 
476. |Kupang, East Indies.............. 45 | 1923 90.4 | 68.2] 87-6]... 72-9 | 
477 |Kajoemas, East Indies............ | 3 | 1923 70.4 | 99.4) 166.0 40.8 ‘ ame a 
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get | 2.01).-.| 7-3) 2-2 
| 2-62). --| 
369 3.11)... 8| 2.6 | 
370 
311 0.74...) 3.8) 0.51)..-) 
372 | 7.05)... (25.2 
373 
915 | 6.73)... 5-82)... 
316 | 16.89]... 81,015.39)... 
378 2.05)... 10.9) 3.27)... 
379 3.35]... [18.3] 6.93)... 
350 | 10.90)... 
ge. | 14.18)... 
6 3a2 | 7-85)... 4.63)..-] 
j | 1.52/1.5 
6 384 | 
6 385 9.8) 2,782.4 
386 | 3.37/2-4 
387 | 4.49)... 
388 | 9.68}... 
389 | 2-29)... 
390 
391 4.07.1 
4 392 | 
393 
304 1.292.9 
| 
295 | 4.38)8-3 
396 0.92.5 
397 | _6.988.5 
398 17. 
299 
yoo | 1.47/2.8 
401 2.90/6.7 
402 2.04.8 
403 4. 3 
404 5. . 
405 3 
406 5. 
407 2 
408 | 3 
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ao | 
aun 0.78... 
9.89)... 
| 413 0.54... 
414 
418 4-54, 
ait | 6.834. 
48 | 0.83). 
3: | 0.460. 
420 | 0.70}. 
4: 421 0. 68)0. 
2 422 ©. 97/9. 
2; q 423 4.731, 
ig 2.54)., 
7 425 
2 426 
4:1 
{ 2: 7 427 4.005 
429 | 12.3316 
430 4.22. 
431 | 25.81). 
7 432 | 4.245 
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434 18.17). 
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| q 437 9.9315) 
438 6.62. 
| q 439 6.28. 
4 440 3.72, 
q 
q | 10.77, 
7 | 4.06 
q 443, | 8.21) q 
445 | 16.66} 
ass | 21.02} 
| 
i|7 | 16.97 
448 18.95) 
449 | 10.72) 
4 450 2.65) 
3 451 3.33 
452 | 2.22 
4 453 9.83 
= 454 3.79) 
455 | 11.94 
§ aso | 13.44 
a4 457 | 12.81 
8.6 
10.19 
mm | 2.14 
28 aor | 2.49 
| 6.39 
58 | 7 463 15.698 
176 | 4 465 | 
B52 | 15 466 7.48)...|18.5) 9. 
195 | 29: 4 
173 | 4:29; 466-4 | 13. 
172 | 29 467. | 6 4 
182 | 15,12 468 3.737 .1/15.3) 4, 
146 29; 4 409 5.7) 1, 
| 470 1.85|3.0) 5.9) 1, 
196 471 | 0.73/23) 4.0) 04 4 
258 
199 | 0.74)..-] 4-0] © 
138 33 472. | 1.76)... 2 
150 475 | a 


TABLE 1.— 


] 
Station. | $3 
| gs 
& 3 
| = 
| 
a i @ 


rual 
Batavia, Javi 
Medan, East Indies. 


Singapore, Malay. 


Pontianak, Borneo. 
Sandakan, Borneo... 


Menado, East Indies 
Awmboina, East Indie 


Zamboango, Philippine I 
Iloilo, Philippine Isiand 
Legaspi, Philippine 
491 | Manila, Philippine Island 
492 | Baguio, Philippine Islaod 
493 | Aparri, N. Philippine Islands 


494 | Kasboryo, Formosa 
495 | Taihoku, Formosa. 


For month and 


45 


33] 


ao Miyako, 

Seu Newuro, Japan. 

501 | Viadivostok, 

502 

503 | Peking, China... 132) 31 | 33 
504 | Zi-Ka-Wei, China... 48 


505 | Hong Kong, China.........+++ 


Port Bisir, Andaman Island....... 


Moulmein, Burma. 
Ragoon, Burma. 
Akyab, Burma. 
Mandalay, Burma.. 


Gaubati, N. E. India 
Shillong, N. E. Indl 
Cherrapunji, N. E. Lodi 
Calcutta, N. E. Indi 
Patna, E. India... 


Nagpur, Central India 
Waltair, India. 

Masulipatam, Indi 
Madras, India... 
Trincomalee, Ceylon 


Nuwara Eliya, Ceylon 
Colombe, Ceyloa.. 
Kodiakanal, S. India 
Cochin, S. India. 

Mangalore, 8. india 


Bangalore, S. In 


Allahabad, 5. India. 


Jaipur, Indi 
Simla, ladia.. 
Leb, Indi: 
Labore, 

Peshawar, N. W. 


Hyderabad, N. W. Io 
Karachi, N. W. India 


Muscat, E. Arabia 


Gore, Abyssinia 
Adis-Ababa, Ab; 


"|Butebbe, Uganda. 
Dar-es-Salaam, E. Africa 
Zanzibar, E. Afri 
Seychelles 
\rananarivo, 


Salisbury, Rhodesia. 
Bulawayo, Rhodesia. 


Belvedere, S. Africa. .... 
S. Atri 


Port Elizabeth, 8. Africa... 
Cape Town, 8. Africa... 
Africa. 


Springbok, 
O'Okiep, 8. Africa. . 
Port Nolloth, 8. Africa. 


Bethany, 8. W. Afri 
8S. W. Africa 


Swakopmund, 8. 
Waterberg, 


Saigon, | 36. 
Mergul, | 66. 


Baghdad, Mesopotamia. 

Aden, S. Arabia. 

Khartoun, Sud . 1 280) 
Deim Zubeir, Sud . 2 168 


45 | 1923 
60 | 1923 


1923 
45 | 1923 | 


Maximum OBSERVED 
PRECIPITATION. 


(Continu: 


OBSERVED PRECIPITATION, IN PERCENTAGES 


ANNUAL 

oF MEAN ANNCAL RAINFALL. 

3 3 
3 


4 
4 
103.7 ‘4 
205.5 
1923 ee 36.5 4 
1923 62.6 |103.7 }158.9 4 
| 1923 $2.2) 69.9 [134.8 | 242.7) . 
| 1919 39.1) 
36.3 
202 3 455 2 
127.0 | 202.3 
80.0 49004 
182.0 491 0 
492 
282.5 493 
83.2 
786.9) 4 
81.9 4 
4 2 
37.8 | 
19.5 20:21 12 
37.4! 54.7 ‘ son | 0 
| 1882 24.6 | 41.9 20 602 | 0 
45.1) 02.5 4 
1895+ 90.0) : 18) 503 0 
1920 je 84.3 119.7 4) 504 2 
| 505 ify 
2920 |. | 77.2 |107.0/ 1 
32.0 |162.3 |223.0| ‘ 506 | 0 
| | 
1920 |..... 1.5) 83.9 (115.6 | 150.3 ‘4 502 | 0 
1920 72.2224 2 190.3 \279.0 4 608 1 
1920 69.0 | 99.6 143.4 4 
1920 (203.8 4 509 
| 1920 4 510 
| 
1920 4 612 
5 4 
+! 4 $13 
3 4,8 
$15 
| 516 
3) 4; 8 517 
5 4 
5 4 518 
4) a; 8 519 
‘ 520 
| 521 1 
‘4 | 
80.1 | 139.7 4 4 
B.6 | 62.2) 79.7/ 623 
80.6 8 | 165.0 4 524 
89.4 (128.9 182.5 525 
26 
6 4 52 ( 
4 4 
14 4:8 
$1.2 
16.2 
55.3 ‘4 532 | 
0 09.7 4 
91 4 $33 
6.2. 37.8 534 3 
4. 27.9 4 = 
3.9 21.6 4 J 
4. 13.6). : 
1.0 21. 4; 8 538 
0.5 | 26.0 4 539 1 
540 
0.9 | 4.2) 104 ‘4 | 
0.2 | 4.5) 17 
0.0 | 10.4 | 266 
3.1 2) 168) 4 
| 3.6 | 9.5 | 15.3 4 
| 
1.3 | 7.2) 223 ‘ 
1.8] 3 
19 
15.7 19 7 
49.6 19 
58.0 ‘4 
42.3 4 7 
a 
4 
4 q 
| 
31 | 
| 31 
at 
31 q 
31 7 
é 
4. 15 
7 15 7 
5. 81 
3. 31 7 
7. 31 7 
5. 31 
33 
12 
16: 4 7 
19. 31 
22 a 
16 15 
12:6 15 
15:2 15 
0.6 15 
21.12 15 
1,47 
12.4 
42.2 
62.6 
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gh 
ai 
| 
= 
478 | 16|....| 
479 | 23)... 
482 | Kuta-Raja, 23)....) 
485 105]... 
10| 17 | 19 
25| 17) 25 
| a 17 | 20 
| 17 | 27 
496 | Nagasaki, 42 
; 493 | Tokyo, 45 
34 
509 
512 | 250).... 3 
513 
333 | 6188/04) 8 
529 | Belgaum, 8. 562....| @ 
533 
838 | Quetta, | 
539 |Khelat. | 6 630!.... 
| 
544 | Busbire, 14}... 
545 |Meshed, | 3 204)....) 
GAG | Teheran, | 
547 
548 
549 22 
| 6 990] 13 
552 | 8 008) 13 
853 3 847]... 
355 
556 
6st ‘ 600)... 
B62 |Kroonstad, | # 300...) 
563 | Aliwal, S. 4 352)....) 
670 | 3 035)... 
575 |Pelia, 8. W. | 2 
876 |Rietfontetn, W. Africa.......... | 2 720).... 
677 |Kenhardt, 8. | 2 
O78 | Prieska, S. | 3 100)... 
579 |Hopetown, 8. | 3 
880 |Kimberley, | 3 947)....| 
581 | Vryburg, & | 3 
682 | Mafeking, 8. | 4. 
583 | Palapye Road, S. 
684 \Teau, 3. W. | 
585 | Windhoek, S. W. Africa....-...... | 5 461).... 
587 Africa. 5 248)....! 


17.66). ..{32.5 


11.25).../21.6 


65). 
5.5) 6.17)...)17.6 


10.4 
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4.3 11.48)... . 26.4) 7.41 


31. 4/12. 48)... 24.9) 9.05)... 


15.7] 7.40}... 
12.7] 4.01)... 


8.0) 
6.8) 2.20). 
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/25.6.10 
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(18.45). 
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2.61)... 


| 
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481 
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483 
484 
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4 

28 

28 

1S 


q 
= 
| 
| Maxt | Maxi | | 
| | (64) 
8.231... : 
\16.27)... 
-1/20. 
| 28 
|,2-092.5 
/14.63.9.4 
| 0.97/7.3 210.9 
4.22/3.6 2.2 
7.57/2.7 2.3) 
31.45)... 
8.6 
3.10)... ove a 
| ool 9-8 
2.20)... Pee oe] 7.4 
| 
1.48)... bese 
tee 
0.79... 0.8 
| ° 12/0 9 0.7 6.0 
2:02... 4.9 
| 0.98)... 
{2733/07 hoe 6.8 
+4 3.8 
0.15)... 
: 
1-8 
0.42... 
2482.5 
1. 
5.57)... 
3.235... 
eee 
5.3 
#3 
q 0.24... 
o's 
2.9 
| i 
0.41... 
3.60)... 
0.90... 
1.88... 
q 0.22... 
4 
1.13... 
+} 2.67...) «| 2.6 
4.6 
shed 0.32)... 9-8 
| 
55: 
4.9] 1.33]...] 6.5) 1.79)..4 
7 2-23]... 
5 585 | 3.80). | ss 
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RAINFALL CHARACTERISTICS 


Station No. 
included. 
rainfall. 


Last year 
Maximum. 


Mean daily inten- 


sity on days of 


Elisabethville, S. E. Congo. 


‘Boma, W. Congo 
Helena Island.... 


Calabar, Niger! 
Lagos, Nigeria. 


Gambaga, W. Africa 
Timbuktu, W. Africa. 


Freetown, Sierra Leone 
Bathurst, Gambia.. 
La Laguna, Canary Is! 
Funchal, Madeira Is! 


Cape Spartel, Tangiers.... 


Asgiers, Algeria... 


Tunis, Tunis.. 


Cairo (Abbassia) 


\Jerusalem, Palestin 
Tiberias, Egypt. 


Beirut, Syria 


Athens, Greece 


S. W. Bulgaria. 
Sofia, W. Bulgaria.... 
Petrohan, N. W. Bulgari: 
Ferdinand, N. 
N. B. Bulgaria... 


Bucharest, S. Roumania 


Belgrade, Jugo-Slavia. 
Lesina, 3. W. Jugo-Slavia 


Obir, Austria. 
Vienna, Austri 
Sonabdlick, Austri 
637-A Klagenfurt, 


Santis, Switzerland... 
|St. Gallen, Switzerland... . 
\Zurich, Switzerland. .. 
Chalet’ Capt, Switzerland. . 


jeneva, Switzerland. 
jotthard, Switzerland... 
Switzerland. . 


Domodossola, Italy 
Aosta, N. W. Italy 
|Valdobria, Italy. 


Pavia, N. Italy.- 3:3 | 


Venice, N. E. Italy... 
Padua, N. E. italy... 
Camaidoli, N. 
Florence, N. Central Italy . 


Central Italy. . 


ppido Mamertia 


ke 


'Paris, ‘Prance 


Puy de Dome 
Perpignan, 8. 
La Preste, 8. E. France 
Puymorens, S. E. France. 


Huesca, N. E. Spain 
Saragossa, N. BE. Spai 
|Barcelona, Spain 


Besar 


‘Lisbon, Portugal....... 
\Serra de Estrella, Por 
Oporto, Portugal... 


682 {Valladolid 


Jersey Island. 


Arras, N. France. . 
‘Calais, N. France. 


Dungeness, 
(Greenwich, Engiand..... 
Kew Obs., England. 


8. Wales... 


702 |Holyhead, 


PRECIPITATION, IN PERCENTAGES 
ov ANNUAL 


TABLE 1. (Continued. ) 


Mean for month 
of maximum 
record. 


| 


Station No. 
Mean month. 


Main references. 
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11.3 48.0 
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9.8 
5.2 
9.4 
6.4 
9.7 
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ow 


Soe 
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pope ne 


eo 


we © 
ass 
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January, 


JANUARY. 


| Maxi: 


mum. 


Month, 


| 


> == 
ring 
Periods. ra 
inutes. gis 
(25) 
| | a5) a) | Qe) | 
595 | | | | $2.0 | 40.2] 49.8 | 97) 100) 2 
596 7.4 | 14.8 |......] 98.5 | 73/200] 136 | « | 2.07)... 8 
| H 1920 90.0 [123.2] 267.4 |... | 198 | ¢ | 
599 |Akkra, Gold 26.1 |......| 39.9 | 157 | 4 gor | 
603 | 26 | 1920 10.3 | 23.4) 41.7 nes 16.3 |......| 87.8 | 46 4 | s.24...| 
| 
4 54 | 1894 | 67/100) 138 | 4 
2 37 | 39 | 2922 3.2 8.0| 23.0 Seen. irs 154.0 | 15/100) 261 | 4319 | 
G12 [Buez, Egypt. 22) 34 | 35 | 192 | | | | 23.8 |249.5 |.... |200| 227 | 29 | | 
| 4s | 1920 23.2 | 35.6) 52.2 ao | 2.50.3). 
= 651-4 BA | 2805 |... oof gata | 48] 100 
3 676 |Madrid, Spain........--- | 63|....| 67 | 1920 14. 34 | 100) 186 | 3.63). 
679 756; 19'| 19 | 1900 [293.2 | 0.8 48} 173 | 268 wz | 0,000.9 
680 | 28 | | 3500 | 23.8 | 51.4| 69.0 | 0.8 | 
687 |Tovlouse, S. 30 7.1 | 32.3 [° 72/100] 133 | 4; 9 | 
688 Bordeaux, S. W. 121] 30 | 40 | 1920 2.210.0) 22.2 | 39 m 
“ | 200) 30 | 30 | 1910 oe | | 47 |100 | 136 25;8 
21| 30 | 50 | 1921 |....|1.60/2.8 | 2.4)10.4! 13.6 | 46.6 |... 31:3 | 61 |100/ 146 | 4; 25 | 
694 150) $1 | 81 [1922 | 3.7) 7.6) 12.5 | 240 | 35.6 |.... | | | 23 
695 18| 61 | 51 | 0.71.4 (3-28) 3-4] 7-2) 22-2 | | 38.2 | 38:0 Ba | 100 149 | 38 
4 693 (Falmouth, S. W 131) 41 | 62 | 1922 8.2) 6.8) 22.6 | 25 to 
46 | 51 {1922 |....|....|....| 26.0 | 84.9 / 56.2 |.... 


RAINFALL CHARACTERISTICS 


January, 


(Continued. ) 


1 


aos 
: : 
Sa 3 a 
oo: @ enue: 


© 
RRARe em 


. 
.| 
| 
| id 
. 
19 6 
19 
18 
e 
“ 
4 
22 
q 
. 
4 
. 
4 2 
4; 9 3 
4 
4; 1 
2459 2.25..,/25.7) 3.66). 
26 $12 | 0.79)0.6) 2.5) 0.75)1.4 1.021 
2 813 | 1.20)...| 3.7) 2.40)... 4-0 1.74). 
30 614 | 7.2) 2.39)... 3-8) 1.55). 
30 19 | 3.49)... 3.44), 
680 12 50/0.827.0 
| 8.9) 4.0] 1.1013} 
4.40/1.6/10.9) 3.39)1.8/10.8) 4.65)3 
1.78)1.2)....| 2-63)2.5)....| 
#89 | 8.0] 2-49 
| 6.4) 6.6) 2.61} 
‘ 
$92 1.93/0.9)....| 1.97) 
4 | 1,90]1,9| 5.6) 4.4) 1.76 
25 @5 | 4:4| 1-62 
4; 25 4.9) 1.54/0.9) 4.1) 1.69) 
25 | 8:2] 5.7) 2.28 
25 | . 
2.91/1.8| 2.44/2.4| 6.0] 7.2] 2.08/1.2) 1.96.2) 4.3) 5.0) 2.61/84) 7.8) 3.18)2.7) 8.9) 2. 3.99)2.9|10.4| 4.14]2.7/ 8.0 8.1 
5 
hi 


Januar 
[ 
RAINFALL CHARACTERISTICS 
(Continued. ) 
TABLE 1.— Janes 
= = = T ~ 
Yzars or Maximum OBSERVED ANNUAL OBSERVED PRECIPITATION, IN PERCENTAGES 
Recorp. PRECIPITATION. . OF MEAN ANNUAL 6 a 
$ Maximum Maximum. 2/8 iy 
& 32 & Numberot | S33) 3 | 3 4 | 
eis | al = | = | | 
w Q Qs) 
703 Ireland......... 
704 | Cork Harbor, Ireland. 
705 | Valencia, 3. W. Ireland ° 52 
706 | Killarney, Irelend. 
707 | Kilkenny, Ireland. 212|.... 3.2 
708 | Mullingar, Irelan 360)... 3 
709 | Crossmolt W. Ireland 7 3| 
710 | Armagh, Ireland. 7 
711 | Belfast, N. E. Ireland........ 5 
712 | Douglas, Isle of 8 
713 | Stonyhurst, N. W. England... 5 
N. W. England 5 
715 | The Stye, N. W. England. . 
76 ow, Scotland... 180) 52 2\6 | 1. 78 |100| 166 *| 2 
Scotland... . 4 405} 20 8 67 |100| 150 | 25 
718 | Port Wiltiam, W. Scotland. 48 | 25 140 | 25 
719 | Stornoway, Hebrides Isiands....... 51) 49 zee 14a | 25 
| | 
720 | Deerness, Orkney Islands....... ‘in 160) 49 100) 128 | 25 
Inverness, N. Scotland. . |100].... | 25 
Aberdeen, Scotland. }100| 144 | 4 
Dundee, Scotland. | 460}. eee 25 
Crieff, Scotland | |100}.... | 26 
Edinburgh (Leith), Scotland 100| 161 
Wolfelee, Cheviot Hills, Scot! 100}.... 
Tynemouth, N. E. England. | 100 7 
| 100 
H 100) 13: 
Yarmouth, E. England. . | 5 100] 130 
Yiteland, N. Holland. . 22.8 | 147 
Leeghwater, Holland. . 32.1 j200 145 
Utrecht-De Bilt, Holland. 28.7 100) 144 
Ostend, Belgium. . 25.7 9 
Brussels, Belgium. 28.8 
| Bouillon, Belgium. 47.4 | 
Treves, W. Germany..... 26.9 }100| 146 | 4; 9 
Freiburg, 3, W. Germany... . 33.4 100).... | 9 
Frankfort-am-Main, Germany. . 24.3 100/151 4 
Gutersieb, German; 30.0 100; 128 | 
Bremea, Germany. 27.9 
Berlin, Germany... 22.7 100) 
743 | Dre . Germany. 23.0 100/148 #15 
744 | Breslau, Germany. . 22.6 100/145 | 4 
745 | Prague, Czecho-Slovakia.........++ 18.5 
746 | Krynica, Poland. 33.4 
747 | Lemberg, Poland 27.0 
748 | Warsaw, Poland. 21:2 
749 | Konigsberg, B. Prussia, 20.5 
750 | Vilna, B. Poland 20.4 
751 | Riga, Latvia..... 1.7 20.0 - 
752 | Tallinn, Esthoni 2.0 19.2 : 
157 
753 | Leningrad, Russi 2.3) 19.2 te 
154 1.7) 22.7 | 3: 7 n 
3 1 32. 
757 3.1 15.5 4 
758 | Taganrog, Russia. 5.5) 16.1 | 3 |10 
759 | Sevastopol, Crim 3-31 
760 | Novorossisk, Russia. 4.0 27.1 12 1 
‘16! 
761 | Batum, Tran 210.3 98.3 | 9.5 7 ie | 0 
762 | Tifis, ‘Trans. 1 15.9 m | 0 
763 | Lenkoran, T 4 17.2 | 0. 
764 | Baku, Trans-Ca 13.7 | 0. 
765 | Astrakban, Russia 8.3 
766 | Lugan, S. Russia. 1 12.7 | 
767 1 14.5 
768 16.4 | 24:7 |. 14.8 
769 18.6 | 31. 15.8 
770 15.0 | 24. 12.5 
771 5 9. 9.9 
772 | Kbiva, Turkes 3 26.6 
773 | Tasbkend, Tui 3 1/18. 19.0 0: 
174 | Barnaul, S. Siberia... .8] 4. .5 17. 14.3 
715 | Irkutsk, 3. Siberia... ad 1) 9 | 18: 15.8 0.33] 
776 | Nertechinsk, Siberia 2) 7 10 | 25. 26.9 4.03! 
777 | Nikolaewsk-am-Amur, Siberia... 0| 7 16 |30.2 15.2 
780 -9| 5. 22 [12.2 18.0 | (0.32) 
781 1) 36.4 0 | 76. 12.4 0.1 
782 4.7 4} 10. 20.6 
783 | Markoyo, N. E. Siberia.. 5:4] 79} 10. 24:1 0.4 
784 | Verkboyansk, N. Sibert 4] 2.0] 9 17.6 
. 785 | Yakutsk, Siberia. 6) 4.0] 7:4|12 14.5 
Viluisk, N. Sibert 8) 6.7 | 8.9) 11 x 
7| 6.0 | 13.2 | 20 
4:5 | 10/1] 14/4 
6.6 | 13.8 | 21-9 
20) 11.8 | 15.8 | 23.0 
5.4 | 16.4 | 28.4 
14} 6:9 | 15.2 | 24:4 
793 | Perm, B. Russia 17.6 | 23.2 | 31.4 1 
794 | Ust-Zylma, N. EB @| 12:2 | 16.6 21-9 | 
795 | Archangel, N. Russia. :1| 9.5 | 16.8 | 29.8 1.64 
796 | Kem, N. W. Russia. +8) 10.2 | 14.5 | 21.7 
197 | Helsingfors, Finland... 14.3 | 24.4 33.9 99) 
798 | Abo, 5. W. Finland.... +8) 15.7 | 23.8 | 33.0 He 
799 | Upsala, Sweden. . 12.3 | 21.2 | 32.0 | 
800 | Ostersund, Sweden 11:2 | 18.6 | 26.4 2 
801 | Haparanda, Sweden...... 9:2 | 19:2] 30.1 
802 | Karesuanda, Sweden........... 6.8 | 12.4 | 20.2 -25] 
803 | Kola, 4.9] 6.9 
804 | Gjesvar, N. ‘ 17.3 2 
805 | Bodo, N. Norway. eee 20.1 ! | 
806 | Christiania, Norway.. 14.5 
807 | Copenhagen, Denmark.. 
808 | Lerwick, Shetland Islan -| 2.8 
809 | Thorsbavn, Farces Islands........« 
$10 | Berufjord, EB. Iceland... 3.89) 
Vestmanno, 8. W. Icela' 10 
Stykkishoim, N. W. Icel 10.0 
813 | Grimsey, N. Iceland... 11:6 
4 | Angmagealik, B. Greenland. 17.5 
Upernivik, N.W. Greenland. 10:1 
816 |Jacobshavn, W. 15.2 
817 | Godthaab. 13:1 
818 | Ivigtut, 5. Greenland. . 9:8 | q 
819 | Horta, Azores.......--. 11.2 | 71 |100/ 149 | 
Ponta-Delgada, Azores. 6:2 | 100 | 149 
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CHARACTERISTICS 


FALL 
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Synopsis 


Many materials construction, especially concrete during the first few 
after fabrication, not follow the laws upon which the theory elas- 
ticity its many forms based. Yet this theory has been persistently used 
elaborated for indeterminate structures, regardless the material. Such 
factors the yield stressed body with time, often called “hysteresis”, and 
the variation the ratio stress elastic strain, when all accounted for 
structural analysis, have generally been analyzed some more less 
unscientific method guess. For arches, especially Europe, con- 
struction frequently furthered, that is, the introduction temporary 
hinges, hydraulic jacks, such manner that these indeterminate factors 
can controlled during the construction and early life the structure. 
Obviously, the ordinary theory elasticity entirely inadequate for 
studying stresses statically indeterminate structure made material 
which, when under load, yields with time well stress and does not obey 
Hooke’s law for elastic deformation. fill this need, methods analysis 
have been developed the writer based experiment. These methods pro- 
vide much more general statement the displacements and. deformations 
structures than given the ordinary theory elasticity because they 
fit greater number properties materials. Further, they take the exact 
form the usual theory elasticity when plastic deformation not consid-' 
ered and Hooke’s law assumed apply. For convenience, the proposed 
methods analysis have been termed the “theory plasticity” and the “pro- 
posed theory elasticity”. Although these theories were developed partic- 
ular investigate changes and variations the stressed condition concrete 
arches due plastic flow, they are general significance structural design. 


discussion this paper will closed May, 1930, Proceedings. 

paper was developed from phase unpublished investigation made the 
while Civil Engineering the University Illinois, 1925-27. 
Tete 


Structural and Hydr. Engr., Kansas City, Mo. 
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These investigations show definitely that one may led astray drawing 
conclusions regarding the stressed condition arch, even based upon 
precise and accurate measurements deformations. The studies indicate 
that even, find observed deformations check the results 
analysis the ordinary elastic theory and, yet the resulting conclusions might 
wrong. Such misconceptions are readily verified the procedures herein 
proposed. 

that overstressed point structure relieves itself 
result plastic flow, are shown unwarranted and misleading. 
much clearer conception given with regard shrinkage stresses, tempera- 
ture stresses, effects resulting from movement arch abutments, ete. Val- 
uable inferences, may drawn, the proper interval before removing the 
arch centering. 


Ordinarily, the nomenclature for arches quite involved. When, addi- 


tion, such factors plastic variable stress-strain relations are consid- 


ered, necessarily becomes very cumbersome. Hence, some duplication has 


been used, but has.allowed simplification, and should not lead confusion. 


most instances, has been used designate the neutral point horizontal 
thrust due all causes, that is, superimposed load, dead load, rib-shortening, 
etc.; few cases, refers the thrust resulting only from dead and live 
loads. 

much practicable the ordinary American nomenclature for arches 
has been used. Simplifications, rather condensations, and additions have 
also been adopted make cumbersome algebraic expressions easy handle. 
example, the symbol, used replace frequently recurring 
algebraic expression, much the same.as the ordinary substitution for the 
moment inertia section. 

Subseripts denote reference points and causes; example, indi- 
cates the horizontal thrust considered act through the neutral point, 
arch, due rib-shortening under load. Prime marks (superscripts) over 
letter denoting variable distance indicate definite distance particular 
point line. Thus, while.z indicates the distance from the centroidal axis 
section any point the plane the section, refers the distance 
from the centroidal axis the section the line action the thrust acting 
upon the section. 

general, distances are considered positive when measured upward 
the right. Similarly, external components having their sense upward 
the right are positive. 

Thrusts acting within member are considered positive when they cause 
tension. Shear section horizontal inclined member positive 
when the section resists impending motion upward the left portion the 
structure. general, moments the rib arch are called positive when 
they increase the compression the extrados and decrease the intrados. 
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Angles are measured positive counter-clockwise direction from the 


Notation.—The following nomenclature common the analyses pre- 
sented. The less common terms are not included, but will defined they 
are introduced into the discussion. 


the shortening along the arch axis differential length 
the rib. 

the transverse sliding movement within differential 
length. 

the angle change within differential length. 

differential length structure measured along the 
centroidal axis. 

the total temperature change, degrees Fahrenheit. 

the angle between tangent the arch axis and the 
x-axis co-ordinates. 

the angle which the quasi-horizontal for un- 
symmetrical arch, makes with the horizontal. 

the change slope the tangent point 
structure. 

the total unit shrinkage given concrete par- 
ticu'ar time. 

respectively, the displacement points structure. 

respectively, the permanent displacements the right and 
left springings arch the direction the 
co-ordinates. 

respectively, the permanent displacements the right and 
left springings arch the direction the y-axis 
co-ordinates. 

respectively, the permanent rotational displacements the 
right and left springings arch. 

the deformation. 

the unit elastic deformation distance, from the 
centroidal axis. 

the unit elastic deformation distance, from the 
center elastic rotation. 

the unit elastic deformation along the centroidal axis. 

the coefficient expansion per degree Fahrenheit. 

the unit plastic deformation. 

the unit plastic deformation distance, from 
the center plastic rotation. 

unit stress. 

unit stress distance, from the centroidal axis. 

unit stress distance, from the center elastic 
rotation. 

the width section. 

the distance from the centroidal axis section the 
outer fiber. 

the distance from the centroidal axis the outer fiber 

the thickness normal section. 

the thickness arch the crown. 

Young’s modulus 

rise areh from springing crown. 


these terms have freely designate functions 


and constant factors terms, especially where only 
relative values are importance. 


Cu 
c= f 


Ne, Te S, 
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the reaction the center co-ordinates considered 
act line with the the end rigid arm 
fixed the arch the springing. 

the horizontal thrust considered act through the neutral 
point due the dead load, that is, neglecting all effects 
rib-shortening, temperature change, shrinkage. 

the horizontal thrust considered act through the neutral 
point result rib-shortening due the compression 
the arch. 


the horizontal reaction symmetrical arch, quasi- 


horizontal reaction unsymmetrical arch, the right 
support when the arch considered simple beam. 

the moment inertia normal section according the 
ordinary theory elasticity. 

parameter the exponential equation defining plastic 
deformation. 

parameter the exponential equation defining elastic 
deformation. 

the span the arch measured parallel the 

the vertical distance between springings the arch 
measured parallel the y-axis. 

increment change due deformation the arch. 

increment due deformation. 

increments, respectively, and due rib-shortening 
the arch. 

exponent stress determined from experiment and 
defining the rate elastic deformation with change 
stress. The number, may also appear equa- 
tions coefficient. 

the bending moment. 

the bending moment lever arm extending from the 
springing the center co-ordinates. 

the bending moment section the arch having the 
abscissa, 

the bending moment caused statically determinate 
forces. 

bending moment caused statically indeterminate 


respectively, the statically determinate moments due 
live load and dead load and the statically 
indeterminate moments due live load and dead load 
the structure. 

the normal component the resultant thrust acting 
radial section the arch. 

respectively, the normal thrust, resultant thrust, and 
shear section the arch having the abscissa, 

exponent stress determined from experiment and 
defining the rate plastic.deformation with change 
stress. The number, may also appear 
cient equations which have been differentiated 
integrated. 

exponent time determined from experiment and 
defining the rate plastic deformation with duration 

loading. 
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concentrated loads. 


1+2p 
14+2m 
be m ab 


also, the shear component the resultant thrust acting 


radial section the arch. 
the length the arch axis. 
the resultant thrust radial section the arch. 
the duration stressed condition, days. 


the resultant thrust, normal thrust, shear, and moment 
section arch due horizontal rib-shortening 
thrust, 


1+m 


Cc 


the vertical reaction the center co-ordinates, con- 


sidered act the end rigid arm fixed the 
arch the springing. 

the distance from the center elastic deformation 
fiber section. 

the distance from the center elastic deformation 
section the centroidal axis. 

the distance from the center plastic deformation 
fiber section. 

the distance from the center plastic deformation 
section the centroidal axis. 


the vertical and horizontal components, 
respectively, the forces, P,, 

the reaction the ‘left supports, 
respectively, arch considered simple beam. 

the magnitude uniformly distributed load per foot 
length. (In few instances, used designate 
the distance from the center combined elastic and 
plastic deformation fiber section.) 

respectively, abscissa and ordinate point referred 
system co-ordinates. 

the fiber from the centroidal axis. 

the eccentricity the line thrust with respect the 
arch axis. 


DEFORMED ARCH 


Fundamental considering the action any structure under 
load, the structure statically determinate indeterminate, attention 
given three principal items. These are: 
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Relations.—The relation the angle changes and transla- 
tions the differential parts the structure must such that the geometric 
requirements imposed the structure are fulfilled, for example, constant span 
length, ete. 

Equilibrium.—The sum the components any direction 
all acting the whole structure, any part the structure, must 
equal zero; the sum the moments acting the whole, any part 
of, the structure must equal zero. 

the Material and stresses 
differential parts the structure must related satisfy the 
properties the material, for example, the ratio stress strain should 
correspond that obtained experiment. 


structure statically determinate, the reactions resulting from given 
condition loading can found without considering the properties the 
material. However, even then the internal stresses due given loading 
are dependent the elastic properties the material, and some cases may 
involve the properties deformation with time well stress. 

When statically indeterminate structure analyzed, all three the 
aforementioned factors must combined into equations before satisfactory 
solution can obtained. 

Development Geometric arch arbitrary shape 
(Fig. subjected any system loading its plane. Due the assumed 
loads, P,, there are the reactions, and the left and right ends 
respectively. 


After loading (Fig. 2), the arch assumes new conformation dependent 
the movement the abutments, the bending, and the elongation and 
shortening elemental lengths the arch rib. The deformations may 
due any one any combination the following causes: 

(1) Rotation translation the abutments. 

(2) Temperature change. 

(3) Shrinkage materials composing the arch. 
(4) flow materials composing the arch. 
(5) deformation due stress. 

Assume (Fig. center co-ordinates, and co-ordinate axes, and 
rigid lever arm assumed connected each springing and extended 
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the x-axis and parallel the y-axis. The length the left lever arm 
that the Similarly, rigid lever arms lengths, and are 
connected the left and right springing, respectively, and extended the 
y-axis and parallel the z-axis. 


Consider differential length the arch rib, ds, the abscissa which 
The angle change within this differential length due the strained 


condition the arch, The rate angle change then given 
The relative movement and the direction the due 


the differential angle change, equal cos ds. 


Denote the shortening differential length, ds, the abscissa which 
Hence, the shortening (or lengthening) the differential length 
d 


which, the angle the arch axis 


makes with the 
Considering the sliding shear deformation perpendicular the arch 
axis length, ds, dr, the differential movement the 


result these considerations, the equation for the relative movement 
and along the is, 


Similarly, may shown that the relative movement Oz, with respect 
along the y-axis is, 


The rotation the left springing with respect the right springing is; 
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Equations (1), (2), and define the changed configurations the arch 

due all possible causes. These relations are geometrical and are inde- 

pendent the properties the material conditions equilibrium. 


Considering that there translation rotation the ends the arch, 


and substituting 


for the preceding geometric relations reduce the 


forms, 
cos 


The changes conformation unsymmetrical fix-ended arch subjected 
arbitrarily chosen condition loads, temperature change, shrinkage, 
are thus defined Equations (4). 

For symmetrical arch these equations may written the form: 


cosa 


cosa 

Relations Defining Static unsymmetrical arch (Fig. 
subjected arbitrary system loading, P,, P,, the plane the 
arch, with reactions, and occurring the left and right ends 
the arch, respectively. Fig. shows the arch under load and its deformed 
state. 

The arch has been made statically determinate with respect the external 
forces and reactions Fig. while the same time held its deformed 
state forces applied the ends rigid lever arms which are fixed the 
left and right springings respectively, and terminate the center co- 
ordinates. The arch its deformed state held equilibrium system 
forces which may divided into two classes, namely, (1) statically deter- 
minate forces and reactions, and (2) redundant forces. 

The statically determinate forces and reactions are, respectively, the applied 
quasi-horizontal force having its point application the right end the 
arch and its direction parallel the z-axis. The statically determinate forces 
may considered independent system holding the structure equi- 
librium. These are independent internal stresses the arch caused 
deformations. Thus, 
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the other hand, the redundant forces are caused restrained conditions 
the ends the arch and are directly caused temperature changes, rib- 


shortening, movement abutments, The components these forces 


must exist pairs equal magnitude and opposite sense, for unless this 
true the structure will not maintained state equilibrium. The 
redundant forces required hold the structure the conformation assumed 
are arbitrarily divided into and M,-components the center the 
co-ordinate system. The H,-components act along the whereas the 
V,-components are directed along the y-axis. These components may con- 
sidered act pairs equal and opposite forces, one set acting upon the 
end each lever arm. 


well remember, comparing Figs. and that the resultant the 
components, H,, V,, and M,, the end the left lever arm, combined with 
the vertical reaction, Vz, the reaction, Rz. Similarly, the resultant the 
components considered act the end the right lever arm and the reactions, 
Hp, form the reaction, 

Consider, now, normal section through the arch axis, having the abscissa, 
The stress functions due the statically determinate forces will denoted 
subscript, functions due redundant forces will denoted sub- 
Hence, the moment section the arch having the abscissa, 


jected 
i 
! 
P, V; | 
-X 
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will given M,;. Thus, considering the sense the redun- 
dant forces the left lever arm, the moment, normal thrust, and shear, 
respectively, are found be: 

For the case symmetrical arch referred rectangular system 

co-ordinates, Equations (6) become: 

Equations (6) for the unsymmetrical arch and Equations (7) for the sym- 
metrical arch, respectively, are simply equations statics defining the magni- 
tude, line action, and sense the line thrust section the arch 
the abscissa which The eccentricity the line thrust is, 


Thus far, account has been taken the properties the material 
construction any the derived equations. may then concluded that 
the geometric and static relations set the foregoing analysis are not open 
question the ground that they not take into consideration the correct 
elastic properties the material. The equations are true regardless whether 
the material elastic, plastic, whether possesses composite both 
properties. 


PROPOSED THEORY ELASTIGITY 


While the computation bending moments and the action outer 
forces all statically determinate structures, the rules statics may 
applied directly and without doubt, for statically indeterminate structures 
concrete, the question arises whether not the ordinary theory 
elasticity applicable without considerable error. 

appalling consider how definitely Hooke’s law ingrained all 
the structural engineer’s artificial machinery for analysis. Indeed, has 
started with members simple compression and flexure; from their mathe- 
matical development has grouped symbols which frequently appear the 
same combination, and has given them such names moment inertia, 
elastic weight, etc. Not satisfied with these, has further superimposed 
laws governing the relation these symbols each other, and has evolved 
such combinations Maxwell’s law reciprocal deflections, the theorems 
virtual work, methods substitute beams, moment areas, slope deflections, 
and others. All these methods and theorems are developed assuming the varia- 
tion stress with strain governed Hooke’s law. 

The assumption constant elastic modulus correct for steel within 
the elastic limit, least far designs subjected only static loads are 
concerned. However, for concrete, this assumption known incorrect 
and has resulted much controversy. Many have doubted the applicability 
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the ordinary theory elasticity indeterminate concrete structures. 
sure, experiments are recorded that the theory elasticity gives 
results least approximately correct for short-time loads. From group 
experiments performed concrete frames,* Abe, Am. E., con- 
cludes that, “the elastic action the frames under external load and the 
manner stress distribution along members the frame agree fairly well 
with the analysis given.” (Dr. Abe’s analysis was application form 
the ordinary theory studies the “Austrian 
indicates that the theory elasticity, least for 
loads within the working stresses the material, gives reasonable results 
stress analysis for rubble masonry and brick arches well for concrete 
arches. 

However, considering the degree precision obtained the ordinary 
theory elasticity, unscientific, say the least, not determine what 
effect variable modulus elasticity has upon the moment and stress dis- 
tribution within structure. course, theory based merely upon the 
properties the material and not yet substantiated least few scientific 
tests upon simple structures not entirely ready for complete acceptance. 
Yet, investigations are unscientific and unreliable those made upon 
built-up units, before feasible theory analysis has been developed. 
these considerations that have led the writer develop what believes 
more flexible theory elasticity, that is, one which accounts for variable 
modulus elasticity. 

some interest note that Professor Melan (in studies determine 
the modulus elasticity concrete forming the “Stampf-Beton” arches 
tested the Austrian Committee) found that the computed elastic modulus 
changed very greatly the load increased, being less for the greater loads. 
His work was carried out taking the actual vertical and horizontal dis- 
placements into account ordinary elastic analysis. Thus, one might 
conelude that the study deformations themselves have little meaning 
the investigation stresses arches. 

Basis for Proposed studying the stress-strain relation 
considerable experimental data for concrete, the writer has chosen the equation, 
define the relation. Bach§ developed equation similar this except that 
instead used the reciprocal the initial modulus elasticity. How- 
ever, this expression did not prove satisfactory the writer and less 
flexible application. Bach and through large number experi- 
ments found the exponent, their equation range between the limits 

1.10 and 1.16 for various mixes concrete. 

For concrete which was made into tension and compression specimens 
the same time was found that the elastic modulus did not differ 

Bulletin No. 107, Univ. Illinois Eng. Experiment Station, 100. 


Assuming stress proportional and plastic deformations. 
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greatly from that compression, loads being applied steps for the first 
time. This relation does not necessarily follow all cases, but seems 
true general for loads applied for the first time. 

Data obtained from typical experiments Dr. Probst* have been used 
the writer basis for analysis the basic equation, and curves (not 
herein included) were found which fit the data exceedingly accurately. The data 
included were for concrete days old and mix made with 10.1% 
water, giving “very plastic material.” Using the English system units, 
for compression, the data are defined by, 

tension the elasticity the specimens used represented by, 

Development Proposed Theory Elasticity for analyz- 
ing concrete structure, hopeless get theory that altogether exact. 
However, close approximations may made, resulting study which will 
approach the actual conditions. Concrete tension will follow slightly 
different law for the relation stress deformation from that followed 
compression. However, the general exponential relation close for both. 
the permanent set included the deformation represented the expo- 
nential equation, then the equation, based Probst’s practi- 
cally the same for tension and compression. 

Based upon these considerations, theory developed which 
accounts for variation the modulus elasticity with variation stress. 

Structures are grouped into two classes, namely, (1) those subjected 
pure flexure; and (2) those subjected combined flexure and compression. 

Development the Flexure Equations According the Proposed Theory 
relation between elastic deformation and stress given by, 

Fig. indicates beam loaded arbitrary manner. Consider differ- 
ential The section the beam (Fig. 6(a)) assumed rectangular, 
having width, and depth, 2c. 

Let, the area the section. the principles statics, 


=e 0 
transformation Equation (9) shows that, 
1 


From Fig. 6(b), may seen that, assuming conservation plane sec- 
tions during bending, 


der Armature und der Risse Beton auf die ‘Tragsicherheit,” Probst, 
Mitteilungen aus dem Materialpriifungsamt Gross-Lichterfelde West, Ergan- 
zungsheft pp. 8-14, Verlg. von Julius Springer, 1907. 
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Combining Equations (10), (11), and (12), and rewriting, 


itm 
k™ 

from which, when integrated and transformed, 


m 


Equation (13) defines the rate angle change section rectangular 
beam terms the bending moment, dimensions the section, and elastic 
properties the material. 

theory elasticity, 


and, 


General method analysis which account taken the 
fact that strain exponential function the stress becomes somewhat 
complicated because the law superimposition stresses and strains does not 
apply; that is, order reach the final stress and strain condition, one may 
not combine the results obtained considering separately the effects indi- 


from experimental data and value differing somewhat from this will better suit the data. 
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vidual components system. For example, consider member 
simple flexure. The total bending moment, equal the sum the 
The rate angle change any section is, 

This equation can not simplified form, 

do, 


M,, 


the ordinary theory elasticity. result, when dealing with stati- 
cally indeterminate structures, necessary handle the entire force system 
single analysis. 

Since shear deformations have only slight effect the change confor- 
mation loaded arch rib comparison the effects moment and rib- 
shortening deformations, the deformations due shear will neglected 
the analysis. 

Derivation the differential length, ds, arch 
rib (Fig. arbitrary manner. The rib assumed rectan- 
gular section. The width the section and the depth 2c. 

Fig. 8(a) the line action the normal thrust and the de- 
formed segment ds. The distribution stresses across the section indi- 
cated Fig. 


The relation strain stress given by, 


geometry (Fig. 8(a)), 
Subtracting Equation (16) from Equation (15) and re-arranging terms, 
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The following relations must true order maintain equilibrium: 


substituting for dA, the differential area the section, and 
the value found Equation (17), for Equation (19) becomes, 


m 


from which, 


Similarly, making substitutions for and Equation (19), and in- 
tegrating between the same limits, 


m 


Equation (20) divided Equation (21) gives, 


Transposing the second member the equation and dividing both mem- 
bers 


From Equation (21), 


or, 


which, 


The rate angle change the arch radial séction the abscissa 
which given Equation (24) terms the dimensions the section, 
elastic properties the material, magnitude the normal thrust, and dis- 
tance between the center rotation and center gravity the section. 
Equation (23) shows the relation between the eccentricity the thrust and 
the distance the center rotation. Thus, Equations (23) and (24) together 
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fully define the angle change terms the moment, thrust, and properties 
the section. 

The rib-shortening, the shortening the gravity axis, elemental 
length, is, 


ad Ex Ey’ d 
but geometry, 
hence, 
Substituting for the value found Equation (24), 
Neglecting shear deformations and substituting values for and re- 
ds’ 


spectively, from Equations (24) and (27) into the geometric Equations (5), 


N 
COS @ 


substituting for Equations (28), and replacing the definite 


integrals summation finite increments, the equations become, 


Special Case, (29) defining the proposed theory 
elasticity for arches readily reduce those the ordinary theory elasticity. 

Solution Proposed Elastic (29) fully define the 
elastic equilibrium the arch, that is, its change shape. However, solu- 
tion these equations not simple that when the ordinary straight- 
line, stress-strain variation assumed. Angle changes elementary radial 
segments the arch are dependent not only the bending moment, but also 
the eccentricity the force producing the moment. particular choice 
the center co-ordinates seems aid materially the analysis, because 
the deformations due separate forces acting independently may not 
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superimposed obtain the deformation caused the combined system 
forces. 

Assume, now, the value known from experiment. From Equa- 
tion (23), values may then computed showing the relation between the 
eccentricity, the compressive force, and the distance, u’, between the 
center rotation and the gravity axis the section. more general relation 


, 


obtained finding the relation between and because such relation 


directly applicable section any thickness. Using constant values 


curves have been plotted (Fig. with values abscissas and values 


ordinates. 


Values 


Values 
Fie. 9.—Curves RELATION BETWEEN and 
From Equation (25), 
which, 
relation and obtained between Equations (23) and (31) sub- 


stituting the same value both equations and solving, respectively, for 


, 


the corresponding values and Curves have been plotted (Fig. 10) with 
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straight line passing through the origin co-ordinates. Hence, the expression, 


constant for all values Consequently, Equations (32), which have 

been derived from Equations (29), take the form the ordinary theory 


> 


Values of lor 


0.2 


0 0,04 0,08 0,12 0, “7 0.20 0.24 0.28 
Values 


Substituting the value found for Equation (30) Equations (29), 
and re-arranging, 


c c 


The factor, may dropped, course, from all these equations unless 
some element, such shrinkage temperature change, taken into account. 

Analyses arches under various particular conditions loading and defor- 
mation carried out the proposed theory elasticity, using Equa- 
tions (32) and Figs. and 10. 
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Importance Variable Modulus Elasticity—The complexity the 
angle changes arch probably best realized few preliminary inves- 
tigations. Upon first thought, one might conclude that the secant modulus 
for the average working stress can not far wrong. However, the combined 
action compression and bending moment introduces complications which are 
probably not immediately anticipated. 

example, consider Fig. 11. The curve indicates the differential 
angle change given section due constant bending moment, the only 
variation being the eccentricity the force producing the moment. has 
been plotted the basis the exponential equation for the relation stress 


strain, considering 1.3. The ordinates are plotted constant, 
times The values points the curve are readily found the aid 


Fig. 10. constant secant modulus were adopted, and Hooke’s law assumed 
apply, the curve would take the form vertical straight line. 


Rate Angle Change 


0,04 0.08 0.12 0.16 0.20 * 0.24 0.28 0.30 
Unit Eccentricity 


ANGLE CHANGE WITH CHANGE 
ECCENTRICITY FORCE. MOMENT CONSIDERED 
CONSTANT. 


These considerations would indicate that satisfactory study the effect 
variable modulus elasticity the action arches can made, unless 
the the line thrust well the bending moment included 
the analysis. 

Consider simple example solved means Fig. particular units 


, 


0.06 When 1.3, the rotation will be, 


Assume, now, that the same rotation obtained, specimen the same 
shape but having index the stress-strain relation, for load 
placed the same eccentricity. 
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Now, consider the loads removed, and load placed eccentricity, 


0.26 both specimens. The rotation will be: 


For 
and for 1.3, 


Hence, while the rotation both specimens may the same for one condition 
loading, may quite different for another condition even though there 
little change bending moment. This analysis corresponds taking 
secant modulus for one that is, when and the exponential formula 
the other case. 

40 


w 


ds 


Rate Angle Change 


Normal Thrust 
12.—VARIATION ANGLE CHANGE WITH VARIATION 
INTENSITY NORMAL THRUST. ECCENTRICITY LINE 
THRUST CONSIDERED CONSTANT, 


further investigation has been plotted Fig. 12. The eccentricity 
the line thrust through particular section was assumed remain the 
same, while the normal thrust was considered vary. The value the 
exponential formula was assumed equal 1.3. The rate angle change 


Again, Fig. shows the results study the variation angle change 
with the eccentricity the line thrust, considering the normal thrust 
remain constant. The full line drawn through points computed with the 
aid Fig. 10; the broken line straight line drawn through the origin 
co-ordinates slope arbitrarily chosen fit closely the computed curve. 
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comparison Figs. 11, 12, and shows how the action structure 
may anticipated. Fig. indicates that the rate angle change sec- 
tion increases more rapidly than the thrust, while Fig. shows that, for 
given moment, the rate angle change decreases with increase eccen- 
tricity the thrust producing the moment. 


Rate Angle Change 


0 0.04 0.08 0.12 0.16 , 9.20 0.24 0,28 0.32 
Unit Eccentricity 


13.—VARIATION ANGLE CHANGE WITH ECCENTRICITY 
LINE THRUST. NORMAL THRUST CONSIDERED 
CONSTANT. 


the thrust remains constant (Fig. 13), the angle change varies almost 


the that is, the curve representing the relation between 


the rate angle change and the eccentricity very nearly straight line. 
Hence, considering arch proportioned that for given loading the 


stress, ——, the same every normal section, and, neglecting rib- 


the 
the 
ange 


ange 
irve. 


effects, might expected that the ordinary theory elasticity 


give the location the line thrust very closely. 


However, the 


normal stress varies considerably from section section, the line 


thrust determined the ordinary theory elasticity could not ex- 


matter fact the average compressive stress the various normal 


throughout arch usual design does not vary large degree. 


uniformly loaded symmetrical parabolic arch, which the sectional 
increases the secant the angle between tangent the rib axis 


the horizontal, the average compressive stress would the same for 


normal section. 


THEORY PLASTICITY 


That property concrete which the material undergoes gradual but 
deformation while the condition sustained stress, has been 
subject considerable discussion during the last decade. This phenom- 
plasticity, often referred “flow concrete” “time-yield”, has 
recognized the early concrete experimenters, but only comparatively 
has been given special attention investigations. 


the proposed theory elasticity the total strain exponential func- 
tion the stress and independent the time interval the stress. con- 
tradistinetion that group mathematical relations which treats the defor- 
mations structure where the total strain function the duration 
well intensity stress, has been arbitrarily termed the “theory plasticity”. 
the proposed theory elasticity, this group relations accounts for 
strain exponential function the stress. 


Bach* was among the first investigators notice the phenomenon 


permanent set, and, accordingly, carried out his experiments for the deter- 
mination the modulus elasticity repeated loading, each successive 
loading being slightly increased. His modulus was based upon the rebound. 

result numerous German was concluded that the 
permanent set about one-tenth the combined deformation. The latter 
conclusion probably error, since the duration loading was not great. 
Experiments reported indicate that the permanent set becomes 
smaller the concrete increases age. 

general, appears that American investigators concrete have been 
foremost realizing the importance the duration stress upon the defor- 
mations concrete structure. Some the American experiments will 
discussed detail. 

Proposed Exponential Equation Plastic Deformation.—Investigations 
the plasticity concrete, for the most part, have been qualitative, rather 
than quantitative, nature. The ultimate test all experimental data 
material engineering construction the adaptability such data trans- 
formation into true mathematical laws which will define the properties the 
material such manner that they may accounted for the analysis 
complete structures. 

Study test data indicates that, while mathematical law defining the 
plasticity conerete must expressed three variables, closely given 
exponential equation involving the three variables, two which are 
independent. 

Investigations qualitative nature have been published 
MeMillan, Fuller, and Clemmer, Members, Am. Soc. E., and 
Smith, More, and others. The data made available these experi- 
ments have been used the writer comparison the exponential 
equation, 

which, the plastic deformation which function the unit stress and 
the time, The factor, parameter depending the properties the 
material. The exponents, and are constants which depend the prop- 
erties the material the beginning the stressed condition. 

proposing this equation, realized that the elastic and prop- 
erties concrete vary considerably with the age the material, especially 


Zeitschrift des Vereines deutscher Ingenieure, 1895, 489. 
Deutscher Ausschuss fiir Eisenbeton, Heft (1912), pp. 66-67. 
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Universelle des Mines, Vol. 67, No. 1924. 


mate 
intl 
that 
are 
affe 


January, 1930. PLASTIC FLOW CONCRETE ARCHES 


during the first two three months after has been mixed. The values, 
and are intended define the law time-stress yield the concrete 
during any time interval, provided the parameters satisfy the properties the 
material the beginning the interval. The variable, measured with 
its zero value the instant that the load producing stress, applied. 

will observed that and are independent the units measure- 
ment the stress, time, deformation. Only will affected change 
the units measure. 

Experimental Basis for Proposed Exponential Equation Plastic Defor- 
mation.—Assuming that the plasticity concrete may expressed terms 
exponential equation which the time and stress intensity are inde- 
pendent variables, experimental data have been plotted logarithmic paper 
find the variable relation between deformation and time, for constant 
stress. Similarly; experimental values have been plotted determine the 
relation between deformation and stress for constant time intervals. 

Many the test data available have not been compiled such way 
that the effects shrinkage and temperature deformations can separated 
from the plastic deformations. However, these effects the data considered 
are believed small enough not affect the conclusions. attempt has 
been made convert all data examined the same units, because only 
affected. 

Time tests Fuller and More* were performed specimens presumably 
approximately the same quality concrete. The data have been plotted 
Fig. and were cylinders in. diameter, made from 
concrete mixed for use building construction. Specimen was block 
in. square and in. high, cut from floor the same building. All speci- 
mens were subjected different loadings before applying constant load 
over long period time. Tests Cylinder were begun 101 days after 
pouring, and the time-yield test under stress 650 per sq. in. was begun 
days later. Cylinder was 137 days old when tests were begun; con- 
stant load causing stress 1150 per sq. in. was applied after days 
variable load tests. Specimen was 131 days old, and the constant-load time- 
yield test was begun after days, with stress 650 per sq. in. 
corrections have been made for temperature and moisture variations for 
deformation due shrinkage. However, comparatively little shrinkage will 
occur after months, which time was the approximate age the specimen. 
The tests having been made under conditions, believed that 
temperature and moisture variations were too small affect the results 
materially. 

data were reported from which relation between the intensity 
stress and rate deformation could computed. 

The exponential relation for time-yield for these experiments becomes, 


spite the fact that all specimens were treated differently the early 
stages the load tests and one was loaded with greater stress intensity than 


Tests Fuller ‘and More, Proceedings, Am. Concrete 
Vol. 12, 302, 1916, 
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the others, all deformed approximately the 0.42 power the time. The 
theoretical curves shown Fig. fit the experimental points fairly closely. 
Mr. Earl Smith made several tests* determine the rate yield 
stressed concrete, part which were reinforced concrete beam 1:2:4 
mix with gravel the coarse aggregate. Reinforcement consisted five 
rods. The beam was in. wide, in. deep, including 1-in. steel cover, and had 
clear span ft. About two weeks after pouring, the beam was loaded 
the center with concentrated load 1225 lb. Deformations were meas- 
ured the top the beam means strain-gauge. Since, for loads con- 
siderably below the ultimate, the outer fiber stress concrete section 
beam approximately proportional the moment, the relation deformation 


and stress was found approximately comparing the moment with the 
deformation. 


Time under Load Days 


Deformation Dial Units (1Unit 0.0002 inch) 
Fic. 14.—TIME-YIELD TESTS FULLER AND CURVES 
PROPOSED EXPONENTIAL FORMULA. 


realized, course, that such measurements would true only 
the plastic deformation varies directly the stress. Since the defor- 
mation appears vary more nearly the power the stress, there 
likely redistribution stress over the section the period loading 
continues, the stress decreasing near the outer fiber and increasing near the 
neutral axis. The neutral axis will move down slightly, because the concrete 
continues deform while the steel remains unchanged for given stress. 
Hence, some error introduced assuming the outer fiber stress constant 
during time-yield test. However, this should not seriously affect the general 
law which being derived subject confirmation more precise experiments. 
the beam was only two weeks old when the test was started, considerable 
deformation was due shrinkage. Correction was made for this subtract- 
ing the deformation over the support from the recorded plastic flow throughout 
the span, for each time interval. 

The exponential equation, for the concrete Mr. Smith’s test 
beam, takes the form, 


“Flow Concrete Under Sustained Loads’’, Smith, Proceedings, Am. Concrete 
Inst., Vol. 99, 1917; Vol. 12, 317, 1916. 
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which, the deformation 0.0001 in., measured over 8-in. length; 
the fiber stress measured terms the moment, thousands foot- 
pounds; and the time the period stress, days. change any 


other units measure will simply change the coefficient the second member 
the equation. 


Bending Moment 
Thousand Foot-Pounds 


Distance from Support Inches 


The moment curve (Fig. 15(a)) for combined dead and live loads. The 
graphs. (Fig. 15(b)) have been plotted from experimental curves, indicated 
Mr. Smith, making correction for the shrinkage. Superimposed are series 
curves, broken lines, indicating the plastic flow determined the pro- 
posed exponential formula. 

the center the beam, will noticed, the theoretical curves not 
agree very closely with the experimental curves, especially for the short time 
intervals. seems possible that this may due part the localized effect 
the load. 


General Requirements.—As with the analysis for variable modulus 
elasticity, for the proposed theory plasticity—it not possible super- 
impose the effects individual forces separately upon structure obtain the 
effect the combined system. addition, the theory plasticity presents 
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further difficulty. Except special cases, the elastic deformations and plastic 
deformations are dependent each other; and, perfectly exact, the total 
deformation may not written the sum two explicit functions the stitut 
elastic and plastic deformation, respectively. 
Derivation column (Fig. 16(a)), measuring 


Fig. 16(b). Its deformed shape indicated the trapezoid, 


The stress distribution over the section also indicated Fig. 16(b). The 
elastic and the plastic deformations, respectively, any fiber distance, 
from the center rotation, considering plane sections remain plane, 


w 
or, 


From the principles statics, 

and, 

Thus, dividing Equation (35) Equation (36), 

From the geometry Fig. 16(b) and Equations and (34), specia 
d 

ads 


po 
| 
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astic 
total 
the 


Considering parameter, values and from Equations (38) sub- 


stituted into Equations (35) and result in, 


scale 
The 
which when integrated becomes, 
which, 
2m+1_ 2m+1 p+m+1) p+m+1 
similar process will found that, 
which, 
(36) = m+1 (6, — 6. 4? p+1 (6, — (42) 
From Equations (39) and (41) may obtained the relation, 
Special Case, after the load applied, that is, the 
special case when becomes equal and Equation reduces to, 
d s m + 1 (6, m+1 — 6,™t") 
but, 
also, 


pers. 
and & = (u — 46) 
q 
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hence, from Equations (45) and (46), 

Substituting the values and from Equations (47) into Equation 
(44) and re-arranging terms, 


1+m 1+m 
which identical with Equation (22) for the proposed theory elasticity with 


DEVELOPMENT THE THEORY THE ARCH 


General Assumptions. —The total rate angle change, given Equa- 


tion (48), very complicated and would prove extremely unwieldly, not 
impossible, apply structure such the concrete arch. The unknowns 
are terms the extreme fiber stresses which, according the theory, will 
vary with should the load and eccentricity the load remain 
constant. 
obviate this difficulty the following equation introduced, 


fundamental basis for further analysis. this relation, the total 
rate rotation given section; the rate elastic rotation the 


while 


the rate plastic rotation the end particular time 
interval. 


The here presented, not quite exact, for developed the 
assumption that the center plastic rotation for each section independent 
the elastic properties the concrete. perfectly exact, the center 
plastic rotation section the beginning the stressed condition coin- 
cides with the center elastic rotation, and moves toward the ultimate center 
plastic rotation the time interval stress continues and redistribu- 
tion within the section takes place. The theory exact when the 
rate change elastic deformation with variation stress equal 
the rate change plastic deformation (that is, when the parameters, and 
are equal), because this case redistribution stresses takes place, 
and the center elastic rotation coincides with the center plastic rotation. 

However, since the location the ultimate center plastic deformation 
approximates that the center elastic deformation for the probable range 
instantaneous movement the center rotation from the elastic center 
the ultimate plastic center. 
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The group relations derived from Equation (49) will satisfy all the laws 
statics and conditions hence, they are mathematically correct. 


the second member Equation (49) will the same 


for the proposed theory elasticity. 

Although the derivation which follows for combined compression and 
flexure, Equation (49) may expanded equally well for pure flexure. 

Derivation Simplified Equations Plasticity—Consider (Fig. 17(a)) 
elementary radial segment, ds, arch. The center the element 
thrust, acting distance, z’, from the centroidal axis. 

enlarged diagram the element indicated Fig. 17(b). The elastic 
deformation the segment indicated the trapezoid, A’; the 
plastic deformation A”. Point the center elastic rotation, 
while Point considered the center plastic rotation. Other nomen- 
clature indicated the diagram. 


Fic. 17. 


determine the plastic deformation fiber distance, from 


the center plastic rotation, assuming stress distribution over the section 
dependent the plastic properties the material, is, 


Geometric relations show that, 


ove 


q lo 
: P, | Pn 
Eliminating between Equations (50) and (51), and re-arranging terms, 
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Since, for static equilibrium, the sum the forces acting the section 
line with must zero, 
(v’ 4c) d (v' — c) 
from which, 
For equilibrium against static rotation, 
which, when integrated, becomes, 
1+2p 
Dividing Equation (54) Equation (53), and re-arranging terms, 
which the same form the relation indicating the value the eccen- 
tricity the proposed theory elasticity. 
Equation (53) may re-arranged, that, 
which, 
Equations (56) and (57) are the same form Equations (24) and (25) 
the proposed theory elasticity. Equation (56) may also written the 
form, 
ure 
The rib-shortening the elemental length, ds, due plastic flow, is, 
Geometrically, 
hence, 


q 
4 
- 


January, PLASTIC FLOW CONCRETE ARCHES 
tion 
The total rate rotation section the arch now given the 
expression, 
(53) 
(54) Consider, now, symmetrical arch, and neglect shear deformations. The 
dead load the arch will symmetrical; hence, rib-shortening can cause 
for relative vertical displacement the abutments. Substituting 
(60) and (61) into Equations (5), which indicate the geometrical 
(55) relations the change shape the arch, the following equations are 
obtained. 
While entirely possible combine these equations with the static 
relations, the result would exceedingly complicated. Since Maxwell’s law 
reciprocal deflections has meaning these equations, simplification 
can introduced special arrangement the co-ordinate system, the like. 
Equations (62) are derived the basis statically determinate struc- 
that is, the location the line thrust the arch must known 
before the angle changes can computed. For example, 
cose 
the relative movement the ends the imaginary cantilevers terminating 
the center co-ordinates, along the 
Equations (62) may solved with the aid Figs- and manner 
similar that explained for the proposed theory elasticity. 
| 


ja, 
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the same number, that is, will found there are common 


Equations (62) may then written the form, 


qk 


moments stresses. 


act conjunction with the constant dead load pressures. 


Tue ror Pure FLEXURE 


takes special form when developed for flexure alone. 


ment presented the proposed theory elasticity for flexure. 
found that, 


‘in which, 


theory plasticity for arches. 


Substituting the values 


change becomes, 


(66) may rewritten as, 


n 


will noted from Equations (63) that, case the exponents, and 
are equal, there can relative movement the line thrust due 
flow. Thus, although arch undergoes comparatively large amount 
rib-shortening within time interval, because flow the concrete, this 
reason for concluding that there has been large redistribution 


actual course, presents greater complications than those 
indicated, for shrinkage, temperature changes, and live loads varying 


General rate angle change section member 
subjected both direct and flexural stresses dependent the intensity 
the direct thrust well the bending moment. Hence, Equation (49) 


derivation the flexure formulas for plasticity similar the develop- 


Other terms Equation (64) have been defined the development the 


found, respectively, Equations 


(18) and (64), into Equation (49), the relation for the total rate angle 


m Dp 


the the theory plasticity for arches, this relation physi- 
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STRUCTURES PURE FLEXURE 


structures designed for flexure can economical only when com- 
bined with steel, for concrete has very low tensile strength. However, 
fiber stresses were kept sufficiently low, would entirely possible design 
concrete beams support loads pure flexure. 

What follows covers studies beams composed material having elastic 
and properties similar that indicated the experimental data 
and shows their application structures pure flexure and the 
effects expected because such phenomena plastic flow. addition, 
computations have been made indicating what effect variable relation 
stress strain has the distribution stress and moments loaded 
structure. 

particular attempt has been made choose exact constants define 
the properties the material the exponential equations, values have 
been chosen which will probably give the extreme conditions found practice. 
Before very close values can assigned the parameters the exponential 
equations, more precise experiments must performed. This especially 
true for the proposed plastic equations. 

Deflection Simple Supported Beam with Concentrated Load Center.— 
Fig. indicates simple supported beam, length, subjected concen- 
trated load, mid-span. The beam will assumed in. wide 
and in. deep. Consider that both elastic and plastic deformations take 
place under the influence the load, and that the parameters the expo- 


18. 


Since the beam symmetrical, the tangent the beam under the load 
will remain parallel line through the supports. Hence, the center deflec- 


tion may expressed by, 
4y= 


this 
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but, 
The bending moment any point along the beam is, 
hence, 
1 n 


Integrating and substituting numerical values, where given, 
136 

order that numerical results may obtained, the length, the beam 

will considered 250 in. The equation may then rewritten as, 

The deflections the ends various time intervals and for different 
magnitudes the concentrated load, are plotted Fig. 19. The ordinates 
corresponding the respective load concentrations the line zero abscissas 
measure the deflection the center the beam due elastic deformations 
produced the time the load applied. 


A B-15 


0 100 200 300 400 500 600 700 800 
Duration Load Days 


One End and Supported Unrestrained the Other End.— 
Consider the beam, (Fig. 20(a)). The moment diagram (Fig. 
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made the moment diagram for simple beam loaded with the 
and the diagram due the fixing the beam 

The mathematics involved finding the moments considerably simplified 
replacing the moment and shear (Fig. 20(c)) force, (for con- 
venience visualizing assumed act upon the end rigid lever arm 
fastened the beam A), applied the center the rotation, such that, 


as, 


rent 
lates 
issas 


the rotation the tangent the beam the concentrated load, 
geometry, 


4 


and, 
Subtracting and re-arranging terms, 
statics, 


Since the deflection away from the tangent 


Similarly, the deflection away from the tangent hence, 


(a) 
20. 
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The slope the tangent is, 


Equations (70) and (72) the center co-ordinates Equa- 
tion (71), the center co-ordinates. 


Since, 


Equations (70), (71), and (72) may written and developed, respectively, 
follows: 


also, 


similar substitution and development becomes, 


which becomes, 


Similarly, 


substituting the values from Equations (73), (74), and (75) into Equa- 
tions (68), and collecting terms, 


hence 
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the beginning loaded condition there plastic flow; and 
hence, 
beam homogeneous material following Hooke’s law, and loaded mid-span. 
The beam indicated Fig. 21(a). 
the ordinary theory elasticity, the statical moment the area under 
the moment curve about (Fig. 21(b)) equal the deflection away 
from the tangent hence, simple statics, will found that, 


c= 


Fig. 21. 


test Equation (77) obtained substituting into the equation the 
values and obtained from the ordinary theory elasticity. The 
member the equation reduces zero, thereby verifying the derived 
equation. 

case for concrete which Hooke’s law does not apply. The location the 
point contraflexure will assumed the same that found the 
theory elasticity (stress proportional strain). substitution the 
assumed values, 1.3, into Equation (77) again reduces the expression 
practically identity. 

Thus, Equation (77) satisfied for values other than without 
appreciably moving the point contraflexure. Hence, one might conclude that 
the moments the beam are not affected static loads, although the modulus 
elasticity the material varies with the stress. 

Further, analysis the first term Equation (76) indicates that the 
flow the material with the lapse time does not change the moment dis- 
tribution the beam. will observed that both members the first term 
contain factors similar the first term Equation (77). Hence, may 
concluded that Equation (76) will satisfied value which would 
obtained the ordinary theory elasticity which Hooke’s law as- 


(72) 
qua- 
(a) 
i 
75) 
76) 
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sumed correct. This conclusion, course, the basis homo- 
geneous material. 

Although the distribution moments the beam remains the same 
throughout any time interval, the distribution stresses and the configura- 
tion the beam will constantly change the time interval increases. 

Beam Fixed One End, Supported Unrestrained the Other End, and 
Free Support Allowed Settle Distance, y—The support Fig. 


22(a), assumed settle arbitrary amount, when the load, 
applied. 


Equation (74) then takes the form, 
This results modification Equation (76), which then may written 
as, 


scrutiny Equation (78) immediately discloses that the distribution 
moments the beam changes with the time. state equilibrium ap- 
proached the time interval, becomes very large. 
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When Equation (78) becomes equal the value which satisfies 
Equation (76), the denominator the second member Equation becomes 
zero; hence, becomes infinite. This indicates that, with lapse time, the 
moment distribution the beam approaches that the beam without settle- 
ment the support. 

Immediately after the load, applied with resulting settlement sup- 
port, hence, Equation (78) takes the form, 


The distribution moments then varies function the time interval. 

The limiting values will that just after loading and settling the 

support and that for the conditions settlement the support. The 

equations have been derived assuming statically determinate condition, 

which, course, not directly applicable indeterminate structures. That 

is, the equations are set that one may find the change shape the 

structure the end any time interval provided the moment distribution 

known. 

Special Case Which Hooke’s Law that Hooke’s law 
applies, that is, Equation (79) becomes, 


Numerical Case.—As simple case for the study the effects plastic 
flow, consider the beam Fig. 23. The following values will considered 
satisfy the properties the concrete the exponential equations: 1.15; 


23. 


Assume that the right support settles the instant applying the load 
such that the right reaction zero and the beam just contact with the 
support. Equation (78) will equal zero the beginning the 
loaded condition. Hence, the settlement the support will be, 


or, substituting the numerical values, 


same 
and 
Fig. 
itten 
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Assume, now, that plastic flow takes place. Deformation will take place 
the part the beam that subject stress, and this will result load 
being transferred the right reaction which, assumed, fixed loca- 
tion, that is, does not settle further. 

Considering given location the point contraflexure the beam, 
study will made determine the time interval required for the beam 
assume conformation which will satisfy its end conditions. Thus, when 
load, applied the center the beam and the deflection the left 
considered directly under the load, since the moment zero the right 
half the beam. 

the point inflection considered distance, 2’, the left 
the load, the time required for the slope the beam the left support 
reach its normal condition may computed Equation (78), and would be, 


Value Feet 


Time Days 


POINT CENTER FLEXURE FOR CONCENTRATED LOAD. 

Equation (81) has been solved substituting various numerical values 
for the distance, and for the load, All computations for this analysis 
were made 8-in. slide-rule. graphical representation the results 
obtained studying the movement the point contraflexure shown 
Fig. 24. Curves are plotted for various values the concentrated loads, 
load 000 Ib. produces extreme fiber stress about equal the maximum 
tensile strength obtained concrete. 

When the point contraflexure approaches location 4.55 ft. from the 
center the beam, the numerator the second member Equation (81) 


Januar 


the 
pure 
line 
moven 

puted 
Curve 
which 
curves 


stud 
the 


lace 
load 


left 
ight 


be, 


(81) 


pass 


January, PLASTIC FLOW CONCRETE ARCHES 


becomes zero and the time interval becomes infinite. This “critical point” 
the point contraflexure which would found for the condition 
pure elastic deformation and settlement the support. Fig. shows 
line through the critical point the asymptote all curves indicating the 
movement the point contraflexure. 

The variation moment distribution changes may readily com- 
puted from simple static and geometric relations the moment diagram. 
Curves have been plotted showing the moment redistribution the beam 
which the support has settled and plastic flow has occurred. Fig. shows the 
curves considering, respectively, two different amounts settlement the 
support, and the load lb. 


Fic. 25.—MOMENT DISTRIBUTION IN BEAM. 
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The graphs for the rate change the moment curve and point contra- 
flexure, course, are subject the criticism that the gradual changes the 
moment curve have not been considered. Such progressive change can 
accounted for successive approximations and would result the beam 
approaching state equilibrium more rapidly than indicated the 
diagrams. However, this refinement not warranted with the present status 
knowledge the plastic properties concrete. 


ARCHES 


Choice Parameters the Proposed experimental 
studies concrete have been made with the particular intention fitting the 
results into theories such the writer has proposed, would very strange, 
say the least, find many data which can used directly define numer- 
ically the parameters the proposed equations. general, the duration 
the time-yield tests has been too short give precise results. Usually, espe- 
cially foreign experiments, plastic flow has not been distinguished from 
shrinkage. their studies arches, the French simply combine the plastic 
flow and shrinkage into one effect, calling 
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81) 


PLASTIC FLOW CONCRETE ARCHES: 


Nevertheless, since study shows that plastic deformations the one 
hand, and shrinkage and temperature deformations the other, produce very 
different effects the stresses structure, becomes quite important that 
these properties differentiated. 

Shrinkage distinguished from plastic flow, 
that change dimensions independent external forces acting the 
specimen. 

The shrinkage concrete varies within such wide limits that practi- 
cally impossible, present, assign definite value law its coefficient. 
Among the many factors* influencing this property are: The composition 
the cement, quality aggregate, proportioning mix, wetness mix, tem- 
perature during process setting, humidity, Otto Graf, reportt 
tests with cement mortar, indicates that the greater part the shrinkage takes 
place during the first nine hours. also indicates that the shrinkage 
very much greater for wet mix than for relatively dry mix. 

average value the total shrinkage for concrete about 1:2:4 mix 

the usual commercial conditions air curing, seems approxi- 
mately 0.02 0.03 per cent. Comparative tests made Bach and Graft 
plain and concrete bars 1:3:2 mix, the end five years 
showed contraction 0.05% for the plain concrete and 0.02% for the rein- 
forced concrete. 

Expansion Due Temperature Change.—A review experiments the 
expansion concrete, performed several noted authorities materials 
For neat cement, linear coefficient expansion high per 
degree Fahrenheit, has been recorded. average value 10-7 for 
1:2:4 concrete generally considered satisfactory and written into 
the specifications the German Committee Reinforced Concrete 1925, 
and also into the specifications the Belgian Standards Association 1923. 

Within the variation the ordinary atmospheric temperatures, the 
cient expansion practically constant. Indeed, for the study stresses 
concrete arches, the coefficient conductivity through the concrete 
tremendously greater importance than the variation found the coefficient 
expansion. 

Choice Parameters for Exponential Formulas Defining Plastic Defor- 
mation the exponents, and may vary considerably 
with concretes various ages and qualities, the writer believes that they might 
predetermined with fair degree precision systematic series 
experiments. concrete which not more than weeks old, appears 
that might low 0.15, while might reach 2.0, more. Concrete 
1:2:4 mix subjected constant load beginning about the age 


auf Kleinlogel, 314, Berlin, 1925. 
Beton und 1921-22. 
Beton”, Bach and Graf, 1909. 


Eisenbetons, Heft 1906. 


Journal, West. Soc. Engrs., Vol. VI, 549, 1901. 
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months, would probably deform according the exponential equation with 
and respectively, equal about 0.4 and 1.25. 

From observations made large number arches, Freyssinet, 
French engineer who has developed mechanical methods caring for rib- 
shortening effects arches, gives values* for the shortening rib over 
long period time. The unit shortenings are listed for various cement con- 
tents follows: 


350 kg. per cu. (1.56 bbl. per cu. yd.)..... 10-* 
400 “ “ “ “ (1.78 “ “ “ “ ) 5 x 10-4 to a ~< 10-4 

representing the shortening over long period time would 
fluctuate above and below mean which would slowly approach zero. The fluc- 
tuation, course, dependent the temperature and humidity variations. 

Assuming that, the arches observed Freyssinet, the shrinkage the 
concrete due setting was about 0.0003, the plastic shortening the arch ribs 
made the richer concrete would about 0.0007 0.0003 0.0004. Hence, 
for analysis arch which the centering moved within about four 
months after pouring the rib, the exponential equation for plastic flow would 
probably approximately take the 


which, the stress, pounds per square inch, and the time, days, 
after striking the centering. This would result plastic flow rib-shortening 
about years, the average dead load stress the arch 
350 Ib. per sq. in. According Equation (82), would require almost years 
more double this rib-shortening. probable that the exponential equa- 
tion would take somewhat different form the concrete becomes older; 
however, definite determination can made from the experimental data 
now available. 

The numerical parameters given Equation (82) will not strictly 
adhered to, the studies which follow, but the constants chosen will based 
considerations similar those just presented. 


ANALYZED 


Description Arch No. 1—Arch No. symmetrical solid arch barrel 
having rise ratio 1:4. The center line the arch parabola with 
span 140 ft., and rise ft. from springing crown. The thickness 
the rib ft. the crown and varies the square the secant the 
angle between the tangent the arch center line and the horizontal. Various 
assumptions have been made with regard the properties the material com- 
posing the arch. These variations will explained when they are introduced 
into the discussion and the varied analyses are carried completion. far 
possible, all variations are based rational grounds which are borne out 
experiment. 
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Description Arch No. No. practically the same Arch 
No. except that the rise ratio instead 

General Analysis the arch rib (Fig. 26) divided into 
twenty equal horizontal lengths, ft. point half way between the 
ends each voussoir was located and numbered, the numbering being from 
left right. Thus, Arch-Point No. point the center line the 
arch, ft. horizontally the right the left springing; Point No. 
104 ft. horizontally the right, ete. All distances are measured feet. 


Fic. 


Deformations the rib were foupd computing the rate angle change, 
and rate rib-shortening, respectively, each arch point, and assum- 


ing the total deformation within voussoir concentrated the corre- 
sponding arch point. Whenever possible, constant factors have been omitted 
from the computations, and introduced only where necessary obtain relative 
results. cases where logarithms were needed for numerical analysis, con- 
stant factor was sometimes introduced simplify the computation. 

The center line the parabolic arch with respect the crown the 
center rectangular co-ordinate system, given the equation, 


which, parameter equal the distance from the focus the directrix 
the parabola, twice the distance from the focus the crown apex 
the parabola. For the arch having rise ratio 1:4 and 140-ft. span, 
ft. The co-ordinates the arch points were computed Equa- 
tion (83). 

The slope the tangent the center line the rib any point the 
first derivative with respect hence, 


The cosine the angle, was read from table trigonometric func- 
The thickness the rib any point is, 
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which, equal one-half the crown thickness. Hence, since the thick- 
ness the crown the arch the vertical location the neutral point, 
according the ordinary theory elasticity is, 


L a L 


5 42 
which, the distance from the crown the arch arch point. The 
from the neutral point arch point then, 
Table contains the computations for the location the neutral point and the 
41.21 


Elastic Arch Uniformly Loaded and Rib-Shortening for All Causes.—Con- 
sider parabolic arch the form, Arch No. Fig. shows the center line 

Suppose the arch uniformly loaded. Considering only flexural defor- 
mations the arch, neglecting entirely, the line pressure 
will parabola coinciding with the axis the rib. Taking into account 
all causes except plastic flow, that is, elastic rib-shortening, temperature change, 
and shrinkage, there results rib-shortening thrust, which must act 
through the neutral point. Hence, any point the arch, the bending 


the thrust due the uniformly distributed load, the total thrust 
The eccentricity the thrust line will be; 


Fic. 27. 
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or, 


Since the arch parabolic and uniformly loaded, the dead load thrust may 
written terms the horizontal thrust, 


1 7.0 66.5 0.950 0.725 0.2005 31.60 6.33 —24.60 
2 7.0 59.5 0.850 0.762 0.256 25.30 6.47 —18.30 
3 7.0 §2.5 0.750 0.800 0.328 19.68 6.45 —12.68 
4 7.0 45.5 0.650 0.838 0.413 14.80 6.11 — 7.80 
5 7.0 38.5 0.550 0.876 0.518 10.60 5.49 — 3.60 
6 7.0 31.5 0.450 0.912 0.632 7.07 4.46 — 0.07 
7 7.0 24.5 0.350 0.944 0.748 4.28 3.20 3-72 
8 7.0 17.5 0.250 0.970 0.856 2.18 1.87 4.82 
9 7-0 10.5 0.150 0.989 0.945 0.78 0.74 6.22 
10 7.0 3.5 0.050 0.999 0.997 0.09 0.09 6.91 


Taking into consideration that the thickness the rib any section is, 
Equations (84), (85), and (86) may combined give the relation, 


study will now made the elastic angle changes. plastic defor- 
mations will taken into consideration this analysis. 
The total angle change, from one end the arch the other, repre- 


sented by, 


which, given Equation (86), Equation (87), and, 


which may read from Fig. 10, showing the relation between and U’. 
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Similarly, the horizontal movement one springing relative the other 
will be, 


m 
which, the vertical distance from line joining the springings 
arch point. 
Assume that the rib-shortening thrust, acts through the neutral point 


corresponding the ordinary theory elasticity. Table indicates the com- 
putations for the eccentricity the thrust line, the angle changes, and the 


and 

The relations obtained from the proposed theory are used making 

the analysis. For the special case which unity, Equations (88) and 
(89), respectively, become, 


relative horizontal movement the springings, for the ratio, 


and, 
The elastic rib-shortening has not been included either Equation (89) 


Equation (91). For convenience, the reciprocal the factors, 
has been called Tables and From Table 
183 


Table gives the angle changes and relative movement the springings 


for the ratio, Thus, Equation (88) and Equation (89), 


respectively, take the forms, 


The computations have been carried out the assumption that the neutral 
point, considering the modulus elasticity variable, coincides with the 
neutral point which Using the results Table 
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realized, course, from the experimental data the elastic proper- 
ties that variable relation stress elastic strain which 
high 1.8 probably never obtained practice. However, extreme 
value has been chosen order that the results may show characteristic 
trends more prominently. Also, since value 1.3 the proposed 
theory plasticity probably about correct for concrete months old, 
this value makes convenient starting point for analysis which the 
plastic properties the material are considered. 

comparison Tables and reveals some interesting phenomena. Both 
sets computations were made arches identical dimensions and loadings, 
but materials having very different elastic properties. the first case 
(Table 2), Hooke’s law was assumed true. This condition could have 
been solved the ordinary theory elasticity and the resulting differential 
angle changes, except for slight errors precision, would have been identical 
with those obtained application the proposed theory elasticity, 
which 

both cases the rib-shortening thrust was considered act the same 
relative location. Although the rate angle change corresponding sections 
the two arches differs greatly, the total angle change over the arch 
ring both cases practically equal zero. However, change span due 
the rib-shortening thrust the two cases varies, that for constant modulus 
elasticity being much less than that for variable relation stress 
strain. For example, assume uniformly distributed load placed the 
arch such magnitude that the average compression the crown 200 
2305 lb. Hence, for 1,41 0.00001075 2305 0.0248 ft., and for, 

result, assuming the coefficient expansion both arch materials 
constant and equal each other, one might conclude that the rib-short- 
ening the first case was due entirely temperature change 36°, the 
second case variable, being assumed) the temperature change which 


would cause the same stressed condition would be, 36° 222°. 
This comparison, however, not entirely fair, because one were solving 


arch problem the theory elasticity would probably choose value 
which would correspond the secant modulus the allowable working 
stresses, thus resulting different comparison. The foregoing comparison 
‘is based the initial tangent modulus both cases considered. Nevertheless, 


this analysis does indicate that temperature stresses computed the ordinary 
theory elasticity are incorrect. 


Loap Deap Loap 


Consider Arch No. uniformly loaded. there were rib-short- 
ening effects, the line pressure would coincide with the axis the rib and 
there would stresses due flexure. However, the rib the arch shortens 
under the load and, result, flexural stresses arise. 
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Neglecting all but deformations, which the case obtained the 
instant striking the forms newly constructed arch, that 
there shall horizontal movement the abutments defined by, 


M\™ 
Since the moments are due entirely the rib-shortening thrust, 
Hrs 


being the distance from the line action the rib-shortening thrust the 
arch point considered. Equation (94) may thus transformed into, 


examination Equation (95) indicates that the eccentricity the 
line thrust any point independent the intensity the thrust, for, 


dividing the equation will observed that every factor inde- 
pendent the stress the arch. Hence, may concluded that varies 
directly the intensity the dead load thrust, regardless the values 
assigned the parameters which define the properties the material. 

The problem now resolves itself into finding ratio between the rib-short- 
ening thrust and the dead load thrust which will give eccentricity, satis- 
fying Equation (95). 

Solution for which merely the case the ordi- 


nary theory elasticity, the problem most easily solved transforming 


Equation (95) into the form, 


but assuming absolute values for force vector, 


Substituting this value into Equation (96), and re-arranging the terms, 
Hrs cos 


Table has been computed the basis Parabolic Arch No. which, 


sec? 
hence, 


and, 

Thus, when Equations (98) are substituted into Equation (97), and mak- 
ing 


the 
king 
nary 
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From Table 


8.815 
The eccentricity the thrust line each arch point given Table 


{ 
—24.60 0-725 0.201 605.0 121.4 
—18.30 0.762 0.442 0.256 85.8 
—12.68 0.800 0.328 160.5 52.7 
7.80 0.588 0.413 60.8 25.1 
0.07 0.912 0.759 0.005 0.0 
2.72 0.944 0.840 0.748 7.40 5.5 
4.82 0.97 0.856 23.2 19.9 
6.91 0.999 0.997 0.995 47.8 47.5 


Solution for the value other than unity, solu- 
tion becomes more cumbersome. For this case, the most convenient form 
Equation (95) seems be, 


m 


c 


This relation takes the following form for both Arch No. and Arch No. 


u’) 

The requirement that the abutments shall not rotate satisfied when, 


obtain the correct line thrust now resolves itself into finding the 
value the ratio, and the location the line action which will 


Equations (101) and (102). 


The 
the 
angle 
for 
thrust 
for 
varial 
arch 


(See 


| 
| 
| 
| | 
2 
with 
Tab 
oe a 
All 
ib 
late 
4 


January, 1930. PLASTIC FLOW CONCRETE ARCHES 101 


Computations for Arch No. which are shown Table 
The are made the assumption that the rib-shortening thrust 
the same that found for will observed that the sum the 
angle changes are practically equal zero. However, considerable relative 
horizontal movement the abutments indicated. Consequently, one might 
conclude, the rib-shortening thrust lies relatively the same line action 
for the cases constant and variable but that the magnitude this 
thrust the smaller the case the variable modulus. The line action 
for the rib-shortening thrust, however, lies slightly higher for the case the 
variable modulus, this being evidenced the fact that the angle change the 
arch rib portion above the assumed line action the rib-shortening thrust 
slightly greater than the sum the angle changes the portion below. 
(See Table Column (11).) 


, 


TABLE 5.—COMPUTATION FOR ECCENTRICITY, DUE UNIFORMLY 


DISTRIBUTED LOAD ARCH No. 


Column (5) 
Column (6) 


with reference the crown origin becomes, 
Table contains the computations for the location the elastic neutral points. 


All distances are measured feet. The constant factor, has been 


omitted from all partial elastic weights. Using the results from Table 


The ratio the horizontal thrusts for rib-shortening and uniformly dis- 
tributed load, and the corresponding eccentricity the thrust line are calcu- 
lated Table Columns (1) (12), inclusive, the that 


igs 
(1) (2) (3) (4) (5) (6) (7) 
0.838 0.702 0.588 —4.58 136.6 0.0336 
0.970 0.940 0.912 +4.40 136.4 0.0323 
fo. Analysis for Arch No. Arch No. the equation the center line 
2 
102) 
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will Hrs 9.624 


| 
| 
| 
| 
| 


(6) (8) (9) 


= 


(¢) 


( Td yy 


° 
= 
= 
= 


4 = | 
the 
are 

point 

(12)) 

= | | umn 


January, PLASTIC FLOW CONCRETE ARCHES 103 
Columns (13), (14), and (15) have been added compute the change 
span length due rib-shortening. The distances from the axis the arch 


the center rotation the section, which are given Column (14), 


are taken from Fig. for the corresponding values computed Col- 


umn (11). check thus obtained the rib-shortening thrust comparing 
the lengthening the arch due angle changes (the summation Column 
(7)) and the shortening the arch due rib-shortening (the summation 
Column (15)). 


TABLE FoR THE THE AND 
THE ARCH For ArcH No. 


66.3 0.475 0.903 0.600 15.80 9.48 —10.82 
7.0 59.5 0.425 0.920 0.658 12.65 8.32 
7.0 0.375 0.936 0.719 9.84 7.07 4.86 
7.0 45.5 0.325 0.951 0.780 7.40 5.77 2.42 
7.0 88.5 0.275 0.964 0.830 5.30 4.40 
7.0 0.225 0.976 0.887 8.54 1.44 
7.0 24.5 0.175 0.985 0.927 2.14 1.98 2.84 
7.0 17.5 0.125 0.992 0.961 1.09 1.05 3.89 
7.0 10.5 0.075 0.997 0.983 0.39 0.38 4.59 
7.0 8.5 0.025 0.9997 0.998 0.04 0.04 4.94 


Computations for the relative displacements the ends the imaginary 
cantilevers connected the arch springings and terminating the neutral 
point, are given Table for the equilibrium polygon satisfying the ordinary 
theory elasticity. The elasticity the arch material considered satisfy 
the exponential stress-strain equation when 1.3. this, Arch 
No. the sum the differential angle changes practically equal zero, 
although the lengthening due angle changes (the summation Column 
(12)) greater than the shortening due deformations along the axis the 
rib (the summation Column (14)). 

Table 10, for angle changes and rib-shortening deforma- 
tions were made considering that 81.8. will noticed that, for 
this ratio the horizontal thrusts due dead load and rib-shortening, 
respectively, the sum the angle changes practically equal zero, and the 
change span the arch due rib-shortening (summation Column 
(15)) and the change span due angle changes (summation 
umn are nearly equal magnitude. Thus, since the line thrust 
satisfies the conditions statics and the geometric requirements imposed, 
may concluded that the line thrust which the computations Table 
are based, correct. 
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Both Tables and indicate the eccentricity the line thrust 
various points along the rib for Arch No. under uniformly distributed ver- 
tical For the case which strain varies more rapidly than stress, 
that is, when 1.8 (Table 10), the line thrust lies closer the arch 
axis than when stress considered proportional strain, that is, when 
1.0 (Table 8). 

Studies similar these have been made for non-uniform loading over 
arch. these investigations, which are not here included, was found that, 
neglecting rib-shortening, the lines thrust were practically identical for 
different values influences become greater for low than 
for high values 


Arch No. will considered loaded with uniformly distributed 
vertical load, and subject plastic, elastic, and shrinkage deformations. The 
shrinkage will assumed definite function the time, and the 
plastic flow will considered function the time and stress 
intensity. order make the problem simple practicable will 
considered that shrinkage causing internal stresses occurs until the cen- 
tering supporting the newly constructed arch removed. that moment, 
all deformations are due elastic distortions, and plastic and shrinkage defor- 
mations begin simultaneously. The problem, then, find the location 
the line thrust the arch the end any time interval after striking the 
centering. 

Consider the properties the material defined the exponential 

The eccentricity the line thrust the crown when the structure 
equilibrium elastically before any plastic shrinkage deformations have taken 
place, has been found 0.0611 0.733 in. With the stated condi- 
tions, since and neglecting shrinkage, there could movement 
the line thrust due plastic flow. 

Assume that the shrinkage equal to, 


which 


This would result unit shrinkage about 0.0002 two years. 

The equations, stipulating, respectively, that the relative horizontal dis- 
placement the springings and the total angle change the arch rib shall 
zero, may written for Arch No. follows: 
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(144) 


Before any effects shrinkage plastic flow have taken place, the ratio 
the dead load horizontal thrust the rib-shortening horizontal thrust will 
81.8. This has been indicated Table 10. Since shrinkage 
takes place, one might well presuppose that the rib-shortening thrust will 


become greater. will considered, therefore, that the ratio, equal 


71.8. Computations for the summations are shown Table 11. 
substituting these summations Equation (105), and collecting the terms, 
the following numerical relation obtained: 
2.5 

090 000 

Assuming that the uniformly distributed load causes average thrust 
350 per sq. in. the crown, 


64.7 


1 1.3 
and, 
400 


The elastic change length span resulting from this rib-shortening 
thrust would be, 


183 


For load producing crown thrust 350 lb. per sq. in., the change span 
length would be, 674 400 0.00836 ft., 0.100 in., which 
extremely small. 

take shrinkage into account, has been considered that the crown 
eccentricity the thrust line would total 0.0696 0.836 in., 
0.836 0.103 in. greater than the normal eccentricity when the 
structure elastic equilibrium. result, course, when the time 
interval, zero, slight horizontal displacement the abutments 
0.1 in.) assumed. period 118 days, then, the time which would 
take for this horizontal displacement become zero, considering that both 
plastic flow and shrinkage follow the assumed laws and that the average crown 
thrust 350 Ib. per sq. in. Thus, the eccentricity the thrust line would 
become somewhat greater. 

Consider, now, the case which the denominator the second member 
Equation (106) zero. That is, 

090 000 


64.7 


ers, 
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64.7 
Then, the average dead load thrust the crown will be, 
2920 71.8 

Thus, the average thrust the crown were 728 lb. per sq. in., total 
length due plastic deformation would just equal and opposite that due 
shrinkage. result, becomes infinite. 

the properties the concrete approximate those assumed for the analysis, 
the foregoing considerations make difficult conceive how shrinkage the 
concrete can materially affect the stresses the arch. Vert 

General Equations.—Fig. indicates loaded arch, the line thrust form lo: 
being indicated full line. based 

tion 


cosa 


must be, 


regardless whether the deformations are elastic, plastic, combination 
both. the definite integrals Equation (107) finite summa- 
tions, and considering only elastic deformations, the deformations following 


the relations, 


there results the following equation for the vertical deflection the crown 
the arch: 


28. 

the springing, does not rotate, the vertical deflection the crown, 


Vertical Deflection Crown Arch Feet 
o 


Hooke’s law considered hold, Equation (108) may rewritten 
the form, and 
arches 


110 
| 
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both elastic and plastic deformations are considered, Equation (107) 
could written as, 


Vertical Deflection Crown Arch No. When Subjected Uniformly 
Distributed Vertical No. considered loaded with uni- 
form load lb. per ft. length. Tabular computations, not here included, 
based the foregoing equations, were carried out study the crown deflec- 
tion due rib-shortening effects when equal and respectively. 


“aa due to 


Total Deflectio 
form=1 


Vertical Deflection Crown Arch Feet 


Rib Shortening Deflection for m = 


500 1000 2500 3000 3500 


Load Arch Pounds per Foot Length 


order have basis for comparison the deflection the crown 
arch composed concrete following Hooke’s law with one which the 
exponential equation governs the relation stress strain, the parameters, 
and have been chosen that the deflection will the same for both 
arches when the average stress the crown section 300 per sq. in. 

Fig. are shown the crown deflections the arch for various magni- 
tudes the uniformly distributed load. For the variable modulus 


0.20 
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elasticity, several curves have been drawn; only the total deflection has 
been plotted for the arch which material construction assumed 
have constant modulus elasticity. 

Crown Deflection, Considering Plastic simple example the 
anticipated effect plastic flow the crown deflection arch, Arch No. 
considered subjected uniformly distributed load and under- 
going rib-shortening well temperature change. The following numerical 


considered that the ratio, equal 25. this case, the 


rib-shortening force, due all causes, including temperature change, 
shrinkage, and rib-shortening. The location the resulting line thrust 
indicated Table together with computations for angle changes the 
arch rib. 
0.40 


0.30 


Vertical Deflection Crown Arch Feet 


00 600 700 800 


400 
Time Days 
30.—DEFLECTION CROWN ARCH No. DUE FLOW CONCRETE. 


there were further changes the length the rib due temperature 
changes shrinkage, but instead, changes were due plastic flow, the arch 
would not state elastic equilibrium. The line thrust would grad- 
ually move the concrete yields, and the structure would slowly deform into 
state elastic equilibrium. According the theory plasticity, case 
the state equilibrium approached (but never reached) would the 
condition shortening the arch due shrinkage temperature change. 
Thus, although the arch would continually deform, the flow would act 
such way bring the structure back its original state equilibrium. 

However, for simplification, and hypothetical case, the structure 
supposedly held elastic equilibrium assuming that the temperature drops 
such rate that the tendency the plastic flow bring the structure 
its original state equilibrium just offset the reverse action caused 
temperature change. result, the structure changes shape although the 
relative location the line thrust and the stress distribution remains 
unchanged. Fig. are curves based computations for various uniform 
load over the arch. 
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Inasmuch the investigation presented this paper based 
impartial interpretation physical facts regarding the behavior concrete 
under sustained load, the writer feels justified pointing out few conclu- 
sions which appear unquestionable result his study: 


incorrect assume that general flow statically 
indeterminate concrete structures causes redistribution bending moments 
tending relieve the overstressed parts the structure. 

there external disturbance encountered statically 
indeterminate concrete structure, such the settlement support, the 
plastic flow causes gradual redistribution stresses such that the structure 
approaches (but never reaches) its original state equilibrium (no settlement 
support). When external disturbances occur, plastic flow will cause 
progressive changes the deflections and displacements points the 
structure, but will cause little change the moment distribution. 
this connection, temperature changes well rib-shortening and shrinkage 
arches are included external disturbances. 

Third.—Provided disturbances due reinforcing steel are not important, 
evident that striking the centering fixed arch early date after 
pouring the concrete has many advantages. spite the fact that the totai 
rib-shortening resulting will greater, the stresses occasioned thereby and 
consequence the immediate movement the abutments will less. The 
greatest effects the stress distribution due rib-shortening and movement 
abutments will occur when the centering allowed support the arch 
far beyond the time required, although for this case the total rib-shortening 
will probably minimum. 

far all data concrete examined the 
writer are concerned, plastic flow would cause the line thrust arch 
approach the center axis more closely. However, conceivable that 
flow might cause the line thrust pulled away from the axis; this 
will occur when 

making analyses the rib-shortening stresses arch 
vital importance distinguish between shrinkage, temperature change, 
and elastic deformation the one hand, and plastic deformation the other. 

fact that the ratio stress elastic strain does not follow 
Hooke’s law for concrete usually causes but little difference moment dis- 
tribution from that computed the ordinary elastic theory. For rib- 
shortening and temperature changes the difference may greatly the side 
safety. 

computed the ordinary elastic theory for temperature 
changes are likely greatly error, but the side safety for high 
temperature variations. 

the analyses the crown deflections arch appears 
well sound warning against misinterpretation test data. The writer 
believes, especially for newly constructed arches, that although the crown 
deflections measured stressed arches may check computations made the 
ordinary theory elasticity many cases, the location the line thrust 
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may very different from that indicated working back from the measured 
the usual theory. 


The new theories presented this paper are not intended replace the 
ordinary method analyses used heretofore, but are developed with the idea 
supplementing the older theory elasticity. For important statically inde- 
terminate structures, such long-span, fixed concrete arch bridges, analysis 
seems incomplete without investigation more accurate methods than 
provided the usual theory which stress assumed proportional 
strain and deformation due flow neglected. For smaller structures the 
usual procedure for stress analysis probably satisfactory. The proposed 
methods serve further tools for engineers research and help develop 
more accurate conceptions regarding the behavior concrete structures. 

Much experimental work, especially quantitative nature, desir- 


able and necessary order establish definitely the laws plastic flow for 
concrete various mixes and ages. 
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EXPERIMENTS DISCHARGE OVER SPILLWAYS 
AND MODELS, KEOKUK DAM 


Discussion* 


writers are deeply appreciative the constructive comment made 
the various discussers. Apparently, little remains said closing the 
is, indeed, gratifying note the close agreement between the 
coefficients obtained the Keokuk model and those presented Mr. 
resulting from experiments the Research Institute Munich. The writers’ 
estimate that their experiments were reliable within was not based upon 
the laboratory verification means the Pitot tube alone; was judgment 
based upon the general reliability the current-meter methods and ratings 
used the field, together with the various checks which were afforded other 
measurements and the model tests. 

Additional data were requested** relative the behavior various types 
current meters streams with varying degrees angularity, both from the 
left and the right. The average corrections applied the paper were based 
angular made the Bureau Standards. However, these 
were subsequently checked extensive the laboratory 
the University Iowa, made conjunction with the Bureau Public 
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USE WATER 
FEDERAL IRRIGATION PROJECTS 


Discussion* 


this paper with its official records the use water Federal irrigation 
projects, the author has made available data great value irrigation engi- 
neers. Because its importance, however, thought that should have 
gone more into detail explaining the underlying causes for the large per- 
centage the total diversion that returned the parent stream, since 
study the data presented might lead the belief that project waste and 
canal losses are much greater than should have been expected; and those 
not thoroughly familiar with irrigation requirements, might appear that 
such wastage showed inefficient operation. 

practically all the irrigated areas the West, the matter sand and 
silt carried into both main canals and laterals grave concern from the 
standpoint operation. the usual practice provide one more waste- 
gates suitable points along the main canals and, through these openings, 
flush out the accumulated deposits. The water used for sluicing purposes 
is, many cases, large proportion the total diversion. Thus, Table 
indicates marked wastage for the Rio Grande and Yuma Projects. These items 
are explained the author necessary supplying other areas lower 
elevations and providing water for hydro-electric power. Such expenditures 
water might not looked upon waste, since they are put useful 
purpose. The use the word, “waste”, not accordance with the general 
meaning, which “loss without equivalent gain.” this restricted sense, 
the writer the opinion that Table might misleading some pre- 


Discussion the paper Debler, Am. Soc. E., continued from December, 
1929, Proceedings. 
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senting these large percentages. With the irrigation canals diverting from 
the Arkansas River Colorado, for example, the usual practice sluice 
for the purpose scouring out the accumulated deposits. 
some cases this done each day for period hour, actual waste 
water the users amounting about per cent. case would waste 
exceed per cent. The water used sluicing constitutes direct loss 
the canal. Another fruitful source waste occurs through leaky farm and 
lateral head-gates, well from poor structures, such flumes, siphons, 
other artificial channels. 

The canal and lateral losses appear large, especially for some the 
projects having large percentages lined canal pipe lines. the case 
the Umatilla Project, the miles pipe and lined section together approximate 
the total miles canals and laterals; yet the losses are recorded being not 
greatly different percentage from those other projects with much 
smaller proportion lined channel and with similar soil conditions. Concrete- 
lined canals are not entirely immune from seepage losses. 

The measurement water from the standpoint duty requires fair 
degree accuracy. Because the great variety conditions and limitations 
imposed the measurement, the author assumes that the actual amounts 
measured are somewhat less than 10% smaller than those stated the tables. 
Unless the conditions are extremely adverse, the writer believes the deviation 
ought not exceed 5%, provided suitable devices are used the measure- 
ment. The calibrated rating flume usually poor means securing depend- 
able measurements. The filling and scouring the and the accumu- 
lation aquatic growth, all tend materially affect the accuracy this 
type device. The rating flume, only occasionally checked for performance, 
may introduce considerable error the final result. some cases constant 
attention check gaugings necessary determine the daily rate change 
the calibration. The necessary hydrographic expense keeping abreast 
such conditions may not warranted because allowable limits assumed the 
management administration the water supply. Because aquatic growth 
some Colorado canals equipped with the ordinary rectangular rating flume 
have changed between June and September much 75% the calibration. 
Infrequent check gaugings, such cases, would involve considerable error 
estimating discharge. many parts the irrigated West, where the value 
water becoming increasingly greater, better and more dependable measure- 
ments flow are much 

The use the standard weir for the measurement farm deliveries 
generally unsatisfactory. For correct measurements the weir must pro- 
vided with standard distances, crest floor and side weir bank wall. 
Weirs without end contractions eliminate one these sources error. Almost 
without exception, the case the farmer’s weir, the pool basin stream 
found filled with sand silt nearly actually the crest line. This 
tends greater delivery than apparent from the indicated head depth 
over the crest. The farmer scientific enough know that this defect 


advantageous him, and is, therefore, not overly ambitious maintain 
standard conditions. 
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Submerged weirs and orifices are also subject varying degree 
accuracy however, such cases, the errors will compensating. Ordinarily, 
farm practice, instrument record maintained the variation the 
upper and lower heads, where change either both results corre- 
sponding change the flow. Thus, using submerged device, the chance 
error greater than the single head measurement. standard weir 
submerged about 70% will reduce the rate discharge approximately 
per cent. endeavoring obviate the double-head submerged flow over weirs 
through orifices, found that the improved Venturi flume, when operating 
about 70% submerged flow, will discharging according the free-flow 
law and thus only involves single head. this respect believed that 
this type device superior other commonly used methods measure- 
ment. 

the study the duty water, there question whether not 
proper add the total precipitation over period months the quan- 
tity depth water applied irrigation represent the acre-feet per acre 
application the crop. When storms occur moderation and the soil can 
absorb the precipitation, such depth rainfall can legitimately charged. 
For intense downpour, when the top soil dry, has been observed that 
the surface becomes packed crusted, due the impact, thus causing con- 
siderable run-off. further known that, for showers 0.1 0.2 in., the 
penetration not sufficient any benefit from the standpoint adding 
moisture the soil; fact, quite the contrary true. Observations 
soil moisture after moderate shower show depletion moisture instead 
increase. The question what amount the total rainfall can justly 
accredited useful soil moisture has not been determined, the soil itself being 
important factor. logical, therefore, assume that give full weight 
the total rainfall misleading. The question deserves thorough study. 


Am. Soc. (by letter).t—Interesting data are pre- 
fornia, but rarely found outside that State. California has large areas 
characterized deep finely textured soils unusual water-holding capacity. 
The winter rains are stored these soils, and, large degree, furnish the 
water needs the succeeding growing season with resulting high duty 
irrigation water. Furthermore, these lands are nearly every case adapted 
fruit culture and escape the need for the liberal water supply required 
for the growing alfalfa and similar crops high water requirement which 
must necessarily the backbone irrigation the inter-mountain States. 

Mr. Houk graphically the relation depth water applied 
the length growing season. The most important feature controlling appli- 
water the mechanical texture the soil and sub-soil. Soils 
great porosity require heavy applications wherever general farming prac- 
ticed. the Orland Irrigation Project, California, annual applications 

Received the Secretary, November 16, 


Proceedings, Am. Soc. E., August, 1929, Papers and Discussions, 1685 
Loc. cit., 1688. 
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water vary from ft. per acre, and the Snake River Valley, Idaho, from 
ft. per acre. The lack fertility which characteristic most 
soils extreme porosity precludes, individual cases, the production fruits 
the one area and sugar beets the other, these crops are seldom 
profitable except fertile soils considerable depth. 

The effects continual application large quantities water the 
reduction soil fertility has been mentioned Mr. Carter* and has 
noticed many localities the Federal projects. The only way escape 
where this the case appears the adoption crops requiring intensive 
cultivation and permitting comparatively heavy expenditure the control 
water that application will not exceed greatly the water-holding capacity 
the surface soils. This course, however, can adopted only limited 
extent that very large part the irrigated area not adapted the 
production such crops reason unfavorable climate and marketing 
difficulties. 

Mr. Houk has presented much data bearing comsumptive use, subject 
even more far-reaching than that the delivery water, which the paper 
applies. hoped that the Irrigation Division the Society will delve 
deeply into the matter consumptive use the near future, view ap- 
proaching exhaustion irrigation water resources number streams. 
Where development governed water supply the undeveloped resources 
the way non-irrigated lands will lead study the ways and means 
reduce consumptive uses minimum for each unit crops that can 
produced profitably. 

Mr. Carter suggestst that canal losses might well estimated from exposed 
water surface. The Bureau Reclamation conducted experiments for 
number years constructed canals order ascertain the coefficients 
loss, feet per day, over the wetted area. The loss through soils was found 
vary from amounts low 0.25 ft. more than ft. depth per day. 
Over the same section canal the losses were also found vary greatly from 
one year another. For type soil given the same description different 
engineers, the range losses reported varied between very wide limits. 
part the differences are due doubt variance definitions soils 
different men. order obtain uniform definition would necessary 
make mechanical analysis the soils; but also well known that 
mechanical properties alone will not tell the entire story, since the nature and 
distribution soil chemicals and humus are very important factors. 

The depth ground-water important because, with very high water- 
table there back pressure from the water-table the canal. Where silty 
waters are carried, impervious skin coat forms the canal banks and the 
leakage determined, not the soils through which the canal passes, but 
the thickness and character the deposit silt. Where customary 
remove the silt from canal the end each irrigation season there may 
very great variation losses through the season. the other hand, 


Proceedings, Am. Soc. E., December, 1929, Papers and Discussions, 
Loc. cit., 2692. 
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canal originally built with excess capacity, may the practice opera- 
tion leave large part the silt coat undisturbed. 

Aside from interpreting the data obtained operating systems, many 
assumptions are necessary applying such formulas might evolved 
the conditions that will obtain system proposed for construction. The 
combined result all these features that the observed losses cannot prac- 
ticably converted into formulas coefficients that can applied design- 
ing new canal system. the whole, has been found more practicable 
make direct estimate the percentage loss new projects, with such 
percentage greatest the end the irrigation season. This, however, can 
only considered practical application the theory that losses are largely 
dependent the wetted areas which not differ materially through the 
irrigation season. Except where conservation water interest, losses 
the average project not vary greatly from 40% the waters diverted. 
Where reduction losses becomes desirable, either for the prevention 
seepage account limited stream supply comparison with area, lead- 
ing the adoption canal lining, the loss may materially less than the 
percentages indicated. 

Mr. Carter mentions* the desirability description classification 
soils the various projects. This matter was given consideration, but was 
found that nearly every one the projects has soils and sub-soils ranging 
from heavy loose and that two observers will seldom give the same classifi- 
for any one kind soil. would difficult convey the reader 
accurate picture soil and sub-soil types. While soils are the most important 
feature determining the water duty, would also very desirable have 
full irrigation methods, crops, liberality water supply, ete. 
Impracticability precise descriptions for these factors within the limits 
paper moderate length, precludes their discussion. 

Attention has been directed the apparent large waste. Contrary the 
understanding Mr. the indicated data not include sluicing 
waste the point diversion. some projects stream flow far exceeds all 
irrigation requirements and excess waters are carried through large part 
the season for greater ease operation, with the irrigator permitted 
receive and reject water practically will. similar condition prevails 
projects where stream flow merely passed through project canals for the 
use other areas. projects where conservation water and canal capacity 
are important, waste not heavy except years surplus supply. The Boise 
Project, with average waste 2%, this type. 

Mr. Parshall appears have gained the impression that the arbitrary cor- 
rection recorded deliveries was made offset estimated errors measure- 
ment. This was, however, not the case. Measurements have not been dis- 
turbed. The increases were made offset deliberate practice the field 

reporting less delivery than actually made, the interest improved busi- 
ness relations between the farmer and the ditch-rider. 


Proceedings, Am. Soc. E., December, 1929, Papers and Discussions, 2692. 
See 117. 
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The magnitude precipitation during the growing season has been found 
very material fixing irrigation requirement. Along the eastern slope 
the Rocky Mountains, growing season precipitation averages in., while 
the Great Basin, The latter, and possibly equal part the 
former, occurs largely small showers without benefit crops except 
relative humidity temporarily increased. The remainder the larger 
amount materially reduces the irrigation requirement. fact, some 
projects, little farther east, the so-called “semi-arid” belt with normally 
in. rainfall the growing season, irrigation considered 
adjunct farming rather than the mainstay, and practiced. 
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EXPERIMENTS DETERMINE RATE 
EVAPORATION FROM SATURATED SOILS 
AND RIVER-BED SANDS 


Discussion* 


Assoc. Am. Soc. (by letter).t—The evaporation 


from moist soils important factor the application irrigation water 
crops and the determination the quantity water stored the soil, 
due rainfall. The measurement the evaporation presents some difficulty, 
but the method described Mr. Parshall permits more accurate control 
the ground-water level than possible other methods, and materially 
reduces the work making observations. explained the author,§ the 
Mariotte control apparatus affected temperature, and care should used 
insulating the equipment completely possible. 

The principal effect temperature the apparatus the expansion 
and contraction the air the chamber above the water surface, and the 
change the vapor pressure the air with the change temperature. Both 
effects increase the temperature increases. The pressure the air 
closed vessel directly proportional the absolute temperature, but the 
change vapor pressure with the temperature does not follow simple law. 
The variation, however, has been determined experimentally and shows that 
there appreciable effect the pressure, due the change vapor 
pressure. The relative magnitude the two effects temperature not 
important. The only concern the total effect the two forces. 

When the temperature increases the Mariotte control apparatus, the 
pressure the chamber, Fig. 1,§ increases and destroys the balance. 
result, water driven from the water tank. This water usually raises the 
level the water the soil tank slightly, and the increase temperature 


Discussion the paper Ralph Parshall, Assoc. Am. Soc. E., continued 
from October, 1929, Proceedings. 

Assoc. Irrig. Engr., Dept. Agriculture, Fort Collins, Colo. 

Received the Secretary, November 30, 1929. 
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great enough some the water will drain out into case the 
evaporation from the soil surface exceeds the rate which the water 
driven from the water tank, due the increase temperature, error the 
record will result. The only effect will decreasing the amount air 
drawn through the tube, maintain the balance. the temperature drops, 
the pressure will and, pointed out the author,* air should 
drawn through. the tube, re-establish the balance the apparatus. 
Actually, however, the change temperature gradual that the force not 
sufficient break the bubble from the lower end the tube, and, 
result, water drawn from the soil back into the tank. The result this 
condition that the indicated evaporation too small. 

The original records the observations the evaporation from 
saturated soils and river-bed sands show that there was definite rise and fall 
the water the Mariotte tubes, due the change temperature. was 
found that Tank No. (Fig. which contained coarse sand and which 
the water level was maintained depth ft. below the surface, lost 
water during the season. There was, however, pronounced rise and fall 
the water the Mariotte apparatus which, apparently, bears some relation 
the rise and fall the air temperature. This shown graphically Fig. 
which plot the air temperature 7:00 and 7:00 taken from 
the meteorological records the Colorado Experiment Staticn, and the gain 
and loss the water levels Tank No. 17, centimeters, for the 12-hour 
intervals between the 7:00 7:00 and 7:00 readings for each 
24-hour period during the month August, 1928. The plot indicates, 
general, that the water rose the Mariotte tank when the temperature 
decreased, and fell when the temperature increased; but the amount the 
rise and fall was not proportional the change temperature. This 
probably due the fact that since the tanks were carefully insulated, the 
temperature the tank did not follow the temperature the air very closely. 

For comparison, the record the evaporation loss from free-water 
surface under similar conditions, shown Tank No. (Fig. 2), also 
given. The plot shows that the loss due evaporation from the free-water 
surface many times the fluctuation Tank No. due the change 
temperature. the comparison had been made the basis 24-hour 
intervals, the difference would have been several times greater because the 
loss from the free-water surface would nearly doubled and the net change 
Tank No. would have been considerably less. The author has shown 
(Fig. 4)§ that the evaporation loss from coarse river sand and heavy adobe, 
Tanks Nos. and (Fig. 2), very small when the water-table in. 
beneath the surface. Temperature probably has appreciable effect 
indicated evaporation loss from these tanks for 24-hour period, but 
increasing the time interval possible reduce the effect until the desired 
accuracy obtained. 


Proceedings, Am. Soc. E., April, 1929, Papers and Discussions, 849. 


Unpublished records the Irrigation Investigations the Div. Agricultural Eng., 
Bureau Public Roads, Dept. Agriculture, co-operating with the Colorado Agri- 
cultural Experiment Station. 
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Another feature the Mariotte control apparatus which must con- 
sidered the accuracy with which controls the level the water surface 
the soil and the water tanks. accurate records are available the 
limits within which the apparatus controls the levels the soil tanks, but the 
7:00 and 7:00 readings the hook-gauges the ‘tanks with the 
free-water surfaces (Tanks Nos. and Fig. give accurate measure 
the limits within which the apparatus permits the water surface vary. 
study these records for Tanks Nos. and for the 1928 season, shows that 
there variation between 0.02 and 0.04 in. the elevation the water 
surface between the 7:00 and 7:00 readings, except during periods 
rain when any variation possible, depending the amount the rainfall. 
This, course, would corrected the overflow from the outlet 


(Fig. 1), sufficient time was allowed elapse. 
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Fic. TEMPERATURE MARIOTTE CONTROL APPARATUS. 


Temperature Degrees Fahrenh 


The Mariotte control apparatus gives reliable results far the control 
the water level and the measurement the evaporation loss are concerned, 
but there are still some features the design that need improving because 
the difficulty keeping all the connections air-tight. slight leak 
permits enough air leak into (Fig. 1), that the overflow from will 
more than fill the receptacle, Experience with the tanks Fort Collins, 
Colo., shows that most the leaks occur the connections the glass gauge 
tubes. The writer believes that this condition could corrected introduc- 
ing the tube, into the chamber, through packed gland. This would 
permit using smaller gauge glass which would much easier keep air- 
tight. 


ps, 
us. 
his 
all 
all 
so 58 


hydre 
the 
often 
surfa 
consi 
unde: 
regio 
deep 
cepti 
Decen 


January, 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


WATER SUPPLY FROM RAINFALL VALLEY FLOORS 


Discussion* 


Ivan Am. Soc. (by results the author’s 
hydrologic studies are both interesting and valuable, especially view 
the fact that studies deep rainfall penetration, percolation, more 
often termed, have seldom been made for irrigated sections the country. His 
conclusion§ that “the water supply resulting from deep penetration rainfall 
the valley floors great economic importance”, true the more 
humid States well the semi-arid West. 

general consideration the disposal rainfall may permissible 
include deep penetration lieu seepage run-off and changes ground 


Deep penetration would equal seepage run-off cases where the 


ground-water surface has the same elevation, and the moisture stored the 
surface soil the same, the beginning and end the time interval under 
consideration, assuming water pass beyond the limits the basin 
underground flow. many drainage areas throughout the country, includ- 
ing gently rolling and comparatively level topography well mountainous 
regions, ground-water, seepage run-off, may appreciably different from 
deep penetration far yearly, shorter, periods time are considered. 
The author shows the importance seepage flow mountain drainage areas 
his treatment rainfall and run-off the Devil Canyon Because 
the importance ground-water run-off seems better, general rule, 
consider the disposal rainfall, follows: (1) Flood, storm-water, 
(2) ground-water, seepage, run-off; (3) evaporation, including inter- 
ception and transpiration losses, well evaporation from soil, water, snow, 


Discussion the paper Sonderegger, Am. Soc. E., continued from 
December, 1929, Proceedings. 


Senior Engr., Bureau Reclamation, Denver, Colo. 
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and ice surfaces; and (4) additions ground storage, the last being positive 
negative depending whether the quantity water the ground has 
increased decreased during the time interval considered. 

discussion the general conditions that affect deep penetration might 
well include reference the capillary moisture the surface soil. Obvi- 
ously, this has been greatly depleted evaporation and transpiration proc- 
esses the time the rain begins, large storage reservoir will exist the 
root zone the soil, and this reservoir will absorb large quantities water 
before much deep penetration takes place, even though fairly uniform wetting 
the soil may not occur the full depth the root zone. The importance 
this factor clearly shown the author’s discussion the soil-moisture tests 
made North Mesa, the Murrietta-Temecula Area.* Furthermore, con- 
sideration capillary movements soil moisture may some value 
forming conclusions regarding the depth uniform wetting the soil. The 
author undoubtedly correct his that “absorption favored 
the wedging action roots,” and that percolation tends take place along 
well-defined ducts. However, quite likely that fairly uniform wetting 
the soil, appreciable depths, not the full depth the root zone, often 
takes place during the rainy season the year, due both and 
gravity movements soil moisture; and that such cases the percolation 
moisture through the minute passageways between soil particles im- 
portant factor conducting water the well-defined ducts. Capillary move- 
ment soil moisture may take place any direction, horizontally, vertically 
upward, inclined either upward downward directions, well verti- 
cally downward. Consequently, the vertical trickling streams the ends 
the suspended water-table, shown Fig. will only when the geologic 
formations below the horizontal clay layers are relatively open, as, for instance, 
the case coarse sand gravel deposits. the case tighter formations 
the water the ends the clay layers will move horizontally and diagonally 
beneath the clay both capillary and gravity action. However, any case, 
there will undoubtedly some deficiency moisture immediately below the 
clay. 

studying percolation rainfall important know how fast water 
can enter different soil formations; and how the rates absorption vary for 
given soil, using the term, absorption, include all water that enters the 
ground, percolation water well the capillary moisture taken the 
unfilled pore spaces the soil. clay formation, after becomes wet enough 
close the surface cracks swelling the material, will absorb water 
relatively low rate, the other hand deep open gravel, sod 
surface underlaid comparatively shallow depth open sand gravel, will 
absorb rainfall relatively high rate. Experiments small plat the 
Miami Valley Southwestern Ohio showed that blue-grass sod, level ground, 
underlaid sand and gravel deposits depth about ft., would absorb 


Proceedings, Am. Soc. E., May, 1929, Papers and Discussions, 1148. 
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water continuously rate 13.0 in. per hour.* Soil deposits having rates 
absorption practically all values between these limits probably exist 
various parts the country. The maximum rate absorption for given 
soil may somewhat lower winter than summer, due the lower soil 
temperatures, the friction coefficients being higher for the lower temperatures. 
This effect probably more pronounced the case relatively tight forma- 
tions, than coarse sand open gravel deposits. However, the colder 
regions, the maximum rate absorption during the winter months probably 
the loosening the surface soil, due alternate freezing and 
thawing, much more than decreased due the higher friction. 

The experimental rainfall and run-off investigations the Miami Valley 
showed that the maximum rate absorption for soils that vicinity, under 
ordinary conditions compactness, becomes practically constant within rela- 
tively short time after the beginning the storm; that is, soon the 
surface storage becomes The surface storage includes storage space 
the upper few inches the soil; sterage space formed slight depressions 
ground-surface level; and storage space the ground surface formed 
forest litter, accumulations leaves, blades grass, weed stems, and other 
forms vegetation, both dead and alive. During the late summer and fall 
months, when the ground was comparatively dry, and the cultivated surface 
were required fill the surface storage. Flood run-off usually occurred some- 
time before the rate soil absorption became constant, the length time from 
the beginning the storm until flood run-off began naturally being greater 
for the less intense rates precipitation. the case the sod plats, 
underlaid shallow depths open sand and gravel, rate rainfall 
in. per hour caused flood run-off begin about min., even the dryest 
soils; whereas rate rainfall 3.00 in. per hour invariably produced 
flood run-off less than min. Rates flood run-off were directly propor- 
tional the rates rainfall all cases, regardless the quantity moisture 
the soil. However, the actual value the relation varied with the moisture 
content. other words, the relation between the rate rainfall and the 
rate run-off could represented straight line equation all cases, 
but the actual value the equation varied with the moisture content. For 
saturated soil conditions the average rate absorption was approximately 
inches per hour. Apparently, the loosening the surface soil permitted the 
plowed fields, the rate absorption was found increase somewhat the 
rate rainfall increased, the relation being represented the equation 


which, and are the rates rainfall and absorption, respectively, both 
inches per hour. Apparently, the loosening the surface soil permitted the 
building static head which increased with the rate rainfall. simi- 
lar effect, but not great, was found the experiments hillside where 
the slope the ground was about ft. per 100 ft. Incidentally, one the 


“Rainfall and Runoff the Miami Valley,” Ivan Houk, Miami Conservancy 
Dist. Technical Repts., Pt. VIII, Dayton, Ohio, 1921, 116. 
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principal conclusions reached result the investigations was that varia- 
tions surface slope are much less importance affecting flood run-off 
than variations vegetable cover, the condition the surface soil. 
the experiment spaded soil, water was applied rate 3.73 in. per hour 
for min. before any run-off took place. 

The Miami Valley experiments herein discussed were made primarily for 
the purpose studying flood run-off during intense storms. was 
produced artificially, sprinkling with ordinary garden sprinkling cans, and 
the total depths applied during the different experiments varied from 6.00 
17.83 in. Each experiment was made several separate runs and the 
average rates application during the different runs varied from about 0.2 in. 
about 4.0 in. per hour. Soil formations the locations the plates were 
compact yellow clay tills, alluvial deposits underlaid glacial tills, and yellow 
sandy loam underlaid open sand and gravel. Complete descriptions 
plats, well methods experimentation, results, etc., are included 
the reference cited. 

The all-important factor regards percolation rainfall given drain- 
age area undoubtedly storm rainfall. However, this factor made 
two parts: First, the rate rainfall during the storm; and, second, the dura- 
tion the storm. For instance, storm with total rainfall in. days 
will cause much more percolation the rain distributed uniformly through 
the hours than the greater part the total falls relatively short 
time, say, hours. When the rate rainfall exceeds the rate absorp- 
tion increase the rate rainfall means higher rate storm run-off 
and lower total depth absorption for the same total rainfall. course, 
increase the duration the storm period, with the same rate rainfall, 
means increase the total depth absorption regardless whether 
not the rate rainfall exceeds the rate absorption. the storm occurs 
after the surface storage has been filled the rate absorption may practi- 
cally constant, and, that case, the increase total depth absorption 
directly proportional the increase storm duration. 

The rate absorption herein discussed may, may not, wholly 
rate percolation. the case deep, open, sand and gravel deposits the 
water entering the ground would practically all percolation, from the begin- 
ning the rain the end the storm period. Consequently, the rate 
absorption would the rate percolation throughout the storm. However, 
most soil formations, the rate absorption the beginning the storm would 
definitely greater than the rate which deep percolation would taking 
place, the exact amount the excess depending the dryness the surface 
soil. the case comparatively shallow surface soil, underlaid open 
sand gravel deposits, subjected intense storm the end extended 
dry period, the rate absorption would include very little deep percolation 
the beginning the rain, but would include more and more percolation the 
storm continued, approaching the maximum rate limit the time the 
surface storage became filled, within comparatively short time thereafter. 
However, the case drainage area with relatively deep soil deposits, 


January, 


may, 
depleted 
proporti 

The 
drainag 
Fig. 8,4 
mor 
run-off. 
dense 
the con 
floors 
proport 
format 
the rai 
Ohio, 


TABL 


Draina 


run-of 
For 
tural 
about 
reaso} 
River 
comp: 


: 
7 
| 
fe 
Miami 
Buck C1 
Mad 
- 
‘ | 


January, 


HOUK WATER SUPPLY FROM RAINFALL 131 


may, the author states,* “require very wet year recharge deeply 
depleted soil.” such cases the rates absorption would include but small 
proportions percolation during the entire year. 

The author’s treatment seepage and storm run-off the Devil Canyon 
drainage area pertinent and logical.t However, the results, shown 
Fig. are rather surprising inasmuch the seepage run-off such large 
proportion the total. The reason for the comparatively small storm run-off 
must the dense surface cover brush and trees. Similar storm rainfall 
more open mountain water-sheds with similar surface slopes and similar 
geological formation, would probably cause much greater proportions storm 
run-off. fact, the writer inclined believe that the retarding effect the 
dense vegetal cover much more important than the accelerating effect 
the comparatively steep ground slopes; and that, consequently, cultivated valley 
floors that vicinity, subjected the same storm rainfall, would have greater 
proportions storm run-off, regardless whether not the underlying soil 
formations were clay. this connection may valuable refer again 
the rainfall and run-off investigations the Miami Valley Southwestern 
Ohio, where similar studies seepage and storm run-off were 


TABLE AVERAGE ANNUAL STORM AND SEEPAGE Run-Orr, 
Miami VALLEY 1915 1919, 


run-off, 


Per- 
Inches, centage 


total. 


Area, 
square 
miles, 


Average 
rainfall, 


Drainage area, 


Per- 
centage 
total. 


Inches, 


Miami River...... 

Buck Creek ...... 163 
Mad River........ 652 
Stillwater River.. 600 


10.89 
13.78 
13.58 


~ 
“ 


Table gives comparison the average annual storm and seepage 
run-off for four Miami Valley drainage areas, for 1915 1919, inclusive. 
For those areas the average annual storm run-off seen vary from 44.3 
78.8% the total run-off, and the average annual seepage run-off, from 21.2 
55.7% the total run-off. The drainage areas are more than 90% agricul- 
tural land and may classed gently rolling topography with elevations 
varying from about 1100 ft. above mean sea level near the head-waters 
about 700 ft. above mean sea level the bottom the river Dayton. The 
reason for the lower proportions storm run-off the Buck Creek and Mad 
River drainage areas that the surface soil those water-sheds relatively 
shallow and underlaid open sand and gravel deposits, thus permitting 
comparatively rapid rates percolation. the Pomperaug Basin, Con- 
necticut, the annual ground-water run-off, for 3-year period, was found 


Proceedings, Am. Soc. E., May, 1929, Papers and Discussions, 1143. 
Loc. cit., 1155. 
Loc. cit., 1156. 

Miami Conservancy Dist. Technical Repts., Pt. VIII, 1921, 164. 
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8.76 in., 42% the total run-off, the remaining 58% being storm 
The Pomperaug Basin rural agricultural area about sq. miles, made 
rather rugged uplands and extensive valley areas, the elevations varying 
from minimum 100 ft. maximum ft. above sea level. Surface 
soil deposits consist primarily glacial drift, although some the steeper 
slopes are practically bare bed-rock. 

The author has secured some very interesting and valuable results his 
exhaustive study water supply from rainfall valley floors. However, 
doubtful whether conclusions based thereon safely applied 
other drainage areas, even the immediate vicinity, without careful inde- 
pendent checking. This applies conclusions regarding storm rainfall and 
flood run-off phenomena well seepage run-off, percolation, and the 
resulting water supply. The geological, topographical, and meteorological con- 
ditions which affect rainfall, run-off, and percolation different drainage 
areas are many, varied, and variable that intensive study 
single drainage area, even group drainage areas the same 
locality, valuable may solving local problems, can furnish satis- 
factory basis for general conclusions, for the establishment general laws 
universally applicable studies such phenomena. 


Study Ground Water the Pomperaug Basin, Connecticut, with Special Reler- 
ence Intake and Oscar Edward Meinzer and Norah Dowell Stears, 
Geological Survey, Water Supply Paper 597-B, 115. 
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SILT TRANSPORTATION 
SACRAMENTO AND COLORADO RIVERS 
AND THE IMPERIAL CANAL 


Discussion* 


vital interest now (1929) since probable that large sums money will 
spent during the next ten years building structures control and utilize 
the waters the Colorado River. The life storage reservoirs built will 
depend upon the quantity silt transported the Colorado River. 

various times since 1917 the writer has conducted silt investigations 
the Colorado River and Imperial Valley for the Department 
Agriculture under the general supervision Samuel Fortier, Am. Soc. 
E., and Mr. McLaughlin. 

Under the immediate direction the late Tait, Am. E., 
the writer assisted Mr. Peck collecting large percentage the data 
shown Tables and detailed description the field and laboratory 
methods and equipment used given published the 
Department Agriculture. 

The results the mechanical analyses shown Table indicate that 
the character the bed silt regards size particles, the bed the main 
canal, varies with the discharge the Colorado River. Thus, during March, 
1917, the mean flow the river was 800 sec-ft., and the sieve analysis for 
March that year showed only 0.05% the recently deposited silt the 
bed the Alamo Canal coarse enough retained No. sieve. 


July 15, 1917, eleven days after the passing the peak the spring flood 
Discussion the paper Grunsky, Past-President, Am. Soc. E., continued 
from November, 1929, Proceedings. 
Irrig. Engr., Div. Agricultural Eng., Dept. Agriculture, Los Angeles, Calif. 
Received the Secretary, November 27, 1929. 
Proceedings, Am. Soc. E., August, 1929, Papers and Discussions, 1481. 
Loc. cit., 1491. 


Technical Bulletin No. 67, “Silt the Colorado River and Its Relation 
Samuel Fortier and Harry Blaney, 1928, pp. 13, 36, 37, 38, and 41. 
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sec-ft., the recent deposits the bed the Alamo Canal 


cor 
were much coarser grain. that time 12.09% was retained No. 
sieve, 20.88% passed the No. 20, but was retained the No. sieve; 33.4% erably 
passed the No. and was retained the No. sieve; while 7.28% passed ince onl 
No. sieve. These results indicate that bed silt transported and that 

the high waters bring most the heavier silt. 
Some appreciable time would necessary, course, for the heavier silt 
travel down the lower reaches the canal system. this fact kept 
mind and the July analysis the Hanlon Heading samples dis- 
regarded, great difference will apparent between the character the Dep 
bed silt near the intake and that the lower parts the system. 
computing the volume suspended silt carried the Colorado River 
(see Tables 6,* and Mr. Grunsky assumed the dry weight suspended 
silt 100 per cu. ft. Presumably, this based the data given 
Table The writer§ the opinion that this value too high for 
“suspended silt,” because the material the samples analyzed Table 
was mostly sand “bed silt” and included very little the finer “suspended 
silt.” Usually, the canal bottom was hard and compact and, such times, 
difficult sample. Published estimates indicate that the weight cu. ft. 
That very little the “suspended silt” was deposited the beds the 
larger Imperial Canals, indicated the data shown Table Mr. Tait, 
referring these data, 
“The percentages obtained from the seventeen other stations located the 
system below the Hanlon Station show appreciable reduction, thereby indi- 
cating that while great volumes silt are removed from the canals (after 
mechanical means each year, the amount deposited the canals very 
small proportion the total amount the intake and that most the silt 
entering the canals passes the lands irrigated.” the 
The results the mechanical analysis “suspended silt” samples taken 
the Colorado River Yuma, Ariz., and the Main Imperial Canal 
Hanlon Heading, Calif., Mr. Tait and the writer, indicate that most 
the suspended silt was too fine retained No. 300 sieve. Table 
gives the results some typical analyses suspended silt. the Yuma 
Station the total depth was ft., the discharge was 500 and the Peck sho 
mean river velocity was 4.82 ft. per sec. Hanlon, the depth the bottom 
was ft., the discharge was sec-ft., and the mean river velocity was 
4.1 ft. per sec. 
suspension the River Yuma and 95% the Main 
Imperial Canal was fine enough pass No. 200 sieve. The difference 
between the two small. 
Proceedings, Am. Soc. E., August, 1929, Papers and Discussions, 1493. not 
Loc. cit., 1494. amples 
Loc. cit., 1495. 
Technical Bulletin No. 67, Dept. Agriculture, 71. 
Water Supply Paper 636-B, Geological Survey, Matter Colorado Loe. 


Seventh Biennial Rept., Dept. Eng., State California, 1919-1920, 118. 
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comparison the data shown Table with the results Table 
indicates that the silt found the beds the Imperial Canals consid- 
erably coarser than that carried suspension Yuma Hanlon Heading, 

since only 1.7 34% the canal bed deposits are finer than No. 200 sieve. 


PERCENTAGE SILT PASSING AND RETAINED SIEVES. 


Percentage 
silt Passing Passing Passing Passing Passing 
weight. No. 20, No. 40, No. 60, No. 100, No. 200, Passing 
retained retained retained retained retained No. 300. 


Perhaps the best indication the weight cu. ft. suspended silt 
(after drying), carried the Lower Colorado River, shown the data* 
wllected Mr. Engle, the Indian Irrigation Service, 
Parker, Ariz. Water supplied the Parker Project pumping direct 
fom the river into settling basin. The weight dry silt contained 
leu. ft. wet deposit taken from the settling basin varied from 77.7 
ind averaged 57.5 

Several the domestic water-works systems Imperial Valley have 
basins which afford opportunity determine the weight and 
“suspended silt” Samples these deposits taken Mr. 
Peck show dry weights silt per cubic foot sediment ranging from 32.3 
the softest material 52.4 lb. for the most compact material, with 

After recent investigation the quantity suspended matter carried 
the Colorado River, Mr. Howard that suspended matter from daily 
collected for the Geological Survey, which were allowed 
tubes for period more than six months, showed weight 
about Ib. per cu. ft. the deposited material. These samples 
lid not contain the larger particles their proper proportions, the daily 
were taken from the bank. Samples material from the bottom 

Loc: cit., 70. 


Water Supply Paper 636-B, Geological Survey, Matter the Colorado 


ssed 
silt 
iver 
NEAR THE MIDDLE THE COLORADO RIVER YUMA, ARIZ., JULY 27, 1920. 
Top 0.26 0.97 4.84 10.13 83.80 
0.456 1.05 5.94 15.72 17.51 59.78 
7.0 0.64 4.40 14.37 20.19 60.40 
THE MAIN CANAL HANLON, CALIF., FROM THE WEST BANK, JULY 26, 1920. 
Top 0.347 0.00 1.47 9.36 85.92 
the 4.0 0.363 0.37 4.83 82.99 
7.0 0.369 1.90 7.77 9.41 80.66 
alt, 9.8 0.486 5.85 16.34 15.38 62.02 
the 
very 
aken 
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the river collected the experiments the bed load showed 
equivalent lb. per cu. ft. the material after settling for four months. 
rey 


Samples river deposits* taken Mr. McLaughlin and the writer 
the Colorado River Laguna Dam, Yuma, and Imperial Valley Heading, 
indicated that the unit weight dry silt cu. ft. river deposits ranged 
from lb. for the finer material 90.7 lb. for the coarser, with average 
81.6 The material was mixture bed silt and sediment formerly 
carried suspension, taken from the river’s edge where had been deposited 617 000 
low stage. Samples bed silt taken from canals the Imperial Valley, 
about the same time, averaged approximately 100 per cu. ft. and 101 

Determinations the silt content the river water are usually made 
weight basis. “percentage silt weight” equivalent the grammes 
dry silt contained 100 grammes water, and derived weighing 
the water and then the dry silt, and taking the proportion the latter 
the former. The engineer, from practical standpoint, more interested 
the volume silt than its weight. order convert the results silt 
samplings weight basis volume, necessary assume the weight 
dry sediment in-1 cu. ft. suspended silt. 

After giving careful consideration all available data, the writer and 
Mr. Fortier came the conclusion that the average weight dry silt con- 
tained cu. ft. suspended silt, carried the Lower Colorado River, 
would approximately 624 The determination this weight, while 
only approximate, simplifies the conversion the silt content water from 
weight volume basis that percentage silt weight equals the 
percentage volume. The writer the opinion that this weight will 
approximate that suspended silt deposited the bottom reservoir 
created high dam, such that Boulder Canyon, provided the deposits 
are not given opportunity dry out and thus destroy their colloidal con- 
dition. However, mixture suspended and bed silt deposited the delta 
the Colorado River undoubtedly would dry out and compact sufficiently 
approach dry weight 100 lb. per cu. ft. after period years. 

Differences opinion the weight cu. ft. silt have resulted 
estimates the average volume suspended silt that would deposited 
annually reservoirs the Colorado River ranging from more 
than acre-ft. per year. 

the rate indicated the higher estimate, the proposed Boulder Canyon 
Reservoir would probably almost filled with silt about 100 years, while 
the smaller rate the deposited silt would occupy about one-third the 
reservoir capacity the same length time, provided other dams were 
built above during this period. 

report|| published the Geological Survey indicates that most 
the previous estimates are too low because the annual load suspended 


Technical Bulletin No. 67, Dept. Agriculture, 68. 
Loc. cit., pp. and 71. 

Water Supply Paper 395, Geological Survey, 222. 

Transactions, Am. Soc. E., Vol. LXXVI (1913), 1480. 


Water Supply Paper 636-B, Geological Survey, Matter the Colorado 
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matter computed from samples collected Grand Canyon was considerably 
larger than the average annual load computed from samples collected Yuma. 
report states that the volume that will occupied the suspended 


matter unknown, but that seems probable that estimates based and 


per cu. ft. the deposited material represent fairly well the extreme 
deposition. the basis lb. per cu. ft., the quantity 
suspended matter carried past Grand Canyon 1925-26 would occupy 313 000 
acre-ft. deposited reservoir; the volume for 1926-27 would 
617 000 acre-ft.; and the volume for 1927-28 would 263 000 acre-ft. the 
basis lb. per cu. ft., the corresponding figures would 237 000, 
and acre-ft., respectively. 
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NIAGARA POWER 


Discussion* 


Am. Soc. (by letter).{—The outline the power 
plants given the paper not only shows the progress the industry Niagara 
Falls, but illustrates the tendency other places consolidate the generation 
power one location one large plant. space had permitted, Mr. 
Gibson would probably have described the difficulties, especially with bearings, 
the early days which prevented development the total head. There are 
many who will recall seeing the tail-water some the plants discharging 
half way down the cliff. 

Limitation Diversion Water Under the Existing mention- 
ing§ the Chicago diversion being one the factors that led the unequal 
diversion allotted under the treaty, Mr. Gibson doubtless gives weight the 
discussions leading the ratification the treaty. The treaty itself does 
not mention the Chicago situation. From evidence presented the Courts, 
appears that the large diversion made the Sanitary District illegal. 
Construction works take care the sewage Chicago and relieve 
this condition progress order reduce the quantity the necessities 
navigation. The flow required for navigation purposes being determined 
the Supreme Court the United States. view this would appear 
that consideration greater diversion water Chicago than that required 
for navigation was without legal foundation. 

Economic Gibson’s view|| that steam improvements have not 
advanced point that will enable all water-power plants discarded 
well reinforced the construction such plants that taking place 
the present time Canada, some parts this country, and abroad, 
especially Switzerland. evident that there are some factors besides 


Discussion the paper Norman Gibson, Am. Soc. E., continued from 
December, 1929, Proceedings. 


Secy. Engr., New York State Water Power and Control Comm., Albany, 
Received the Secretary, November 13, 1929. 

Proceedings, Am. Soc. E., September, 1929, Papers and Discussions, 1735. 
Loc. cit., 1739. 
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the comparison with steam-generating cost which determine the feasibility 
projects. Stability water power, which enables its cost 
computed accurately for term years, and freedom from fear inter- 
ruption which confronts steam-produced power account possible inter- 
ference with fuel supply, are among such factors. some cases these influ- 
ences are great importance. 

Further development power Niagara feasible, providing works are 
constructed the river distribute the flow; the development water 
power the St. Lawrence River economic; additional regulation storage 
reservoirs will result more hydro-electric projects being developed the 
interior streams. 

The statement* that the company had not collected the difference between 
the cost steam and hydro-electric power from the consumer, but con- 
siderably less sum, calls attention the industries that have been built 
Niagara Falls which require low cost power order exist. Until recently 
Niagara Falls was the center the largest electro-chemical metallurgical 
industries this Continent. 

Ultimate Diversion—Mr. Gibson has recognized the universal solicitude 
for the preservation the scenic grandeur the Falls. Credit for their 
preservation due the establishment parks both sides the river 
Government agencies; the treaty for limiting the amount diversion; and 
the architects and engineers for the design works subordinate 


them and harmonize them with the surroundings far possible. 

The author describest the plan for increasing the diversion sufficiently for 
economic development rather than attempting determine the ultimate 
permissible diversion. The preservation the grandeur the Falls appears 
assured long there conservative plan for increased diversion and 
long there frank presentation the various influences. 


Proceedings, Am. Soc. E., September, 1929, Papers and Discussions, 1740. 
Loc. cit., 1743. 
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REGULATION LEVELS, FLOW, AND NAVIGATION, 
NIAGARA RIVER: 


SUMMARY AND CONCLUSIONS VARIOUS STUDIES 
Discussion* 


most interesting problem. The writer worked the study the regula- 
tion the Great Lake levels made the Joint Board Engineers for the 
St. Lawrence Waterway, which was under the immediate direction Colonel 
Pillsbury. entered upon these studies with predilection for the improve- 
ment the existing condition the construction regulation works for the 
benefit navigation and power development. This seemed better than the 
compensation the lake levels for diversions placing fixed obstructions 
the connecting streams. Such fixed obstructions would benefit navigation 
increasing the navigable depths, but would advantage the devel- 
opment water power. 

result the studies, the writer convinced that the Joint Board 
Engineers got the bottom the matter, and shares with the author the 
view that the benefits the present time not justify the cost regulation 
works. Since this conclusion was stated the Board, the Supreme Court 
decision the Chicago diversion, and the rapid rise lake levels, have further 
strengthened the conclusion. 

The studies made heretofore for the regulation the Great Lakes have been 
with the view improving the lake levels for navigation, causing 
increased flow the Niagara and St. Lawrence Rivers low-water periods, 
accomplish both these results. Another benefit regulation possible, 
however, but far known, studies have been made the practicability 
regulation for this end. 


Discussion the paper George Pillsbury, Am. Soc. E., continued from 
November, 1929, Proceedings. 


Research Engr., Bureau Reclamation, Denver, 
Received the Secretary, November 1929, 
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Within transmission distance the St. Lawrence and Niagara water 
powers are many existing and possible hydro-electric developments streams 
which have large flow certain seasons the year and low flow others. 
The outflow the Great Lakes varies much the same manner these 
streams, but might feasible use the lakes, particularly Erie and Ontario, 
store water during the season when the other streams had excess, and 
discharge from storage when they were low. the interchange power 
equalization supply might secured which would sufficient value 
justify the expense control works. fact, seems probable that some 
such result may come about natural sequence events. When the Inter- 
national Section the river developed, will probably means 
single dam the lower end. For some years after this there will 
surplus power and market for least part will found 
supplying existing hydro-electric systems with power during their low-flow 
periods. 

the demand for power approaches the capacity the International 
Section effort will made continue supply power during the low-flow 
season, the existing systems, for since the value secondary 
power much less than that primary power, the value per kilowatt-hour 
power which will combine with the secondary power and provide contin- 
uous supply, considerably greater than the value primary power. With 
this condition the power demand there will immediate return 
investment regulation works; and because the immense quantities in- 
volved, they may economically justified, especially since Lake Ontario will 
already controlled the power plant the International Section and con- 
trol works for Lake Erie are comparatively inexpensive. Because the rapid 
changes taking place the electrical power field, one would rash predict 
anything far ahead this condition must necessarily be; but state that 
regulation would never feasible would equally rash. 
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PULVERIZING SEWAGE SCREENINGS 
BALTIMORE, MARYLAND 


Discussion* 


(by method for disintegrating com- 
paratively coarse sewage screenings might valuable adjunct large 
modern sewage disposal plants. The simple cutting device used the 
Baltimore, Md., experiments described Mr. Keefer§ seems fulfill the 
requirements general way. inspection the machine operation and 
observation the material handled showed that the coarse materials were cut 
into small pieces which were easily carried the sewage. 

Mr. Keefer points out that there are two possible methods disposing 
the disintegrated screenings: (1) dumping them again into the sewage and 
allowing them settle sedimentation tanks; and (2) adding them 
directly separate digestion tanks. that “the latter method most 
likely will adopted Baltimore.” There are advantages both methods, 
but local conditions would decide which method best suited. The method 
sedimentation used Baltimore provides for storage the fresh sludge 
for days. The additional quantity screenings would require 
increased storage capacity. plants where the sludge removed daily 
continuously the increased storage capacity would negligible. The long 
time storing fresh solids results the production very acid material. 
has been found that acid production from screenings even more intense 
and mixture fresh solids and screenings stored for days would 
result material still more handle and requiring more lime. With 
continuous sludge removal there chance for intensive acid production. 

demonstrated that sewage screenings digest well when placed 
but the time required longer than for fresh solids. the screenings are 
taken out and discharged into digestion tanks possible that layers are 
formed the tanks. Left the sewage the distribution more equal and 
local zoning with possible disturbances would result. 


This discussion (of the paper Keefer, Am. Soc. E., presented the 
meeting the Sanitary Engineering Division Asheville, C., April 21, 1927, and 
published September, 1929, Proceedings), printed Proceedings order that the 
views expressed may brought before all members for further discussion. 


Chf., Dept., Sewage Disposal, New Jersey Agricultural Experiment Station, New Bruns- 
wick, 


Received the Secretary, November 14, 1929. 

Proceedings, Am. Soc. E., September, 1929, Papers and Discussions, 1760. 

Loc. cit., 1765. 

Proceedings, Am. Soc. for Municipal Impvts., 1928, and Sewage Works Journal, 1929. 
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comparative costs,* Mr. Keefer takes digestion capacity 
cu. ft. per capita. There doubt that under present Baltimore condi- 
tions cu. ft. per capita more needed. 

However, the sludge heated 82° Fahr., this can reduced about 
cu. ft. per capita. The amount dry screenings produced Baltimore 
about 1045 lb. per day. Assuming that the daily production dry solids 
retained good settling tank grammes per capita per day, the addi- 
tion screenings the flow would result increased digestion capacity 
about cu. ft. (at 82° Fahr.). Heating the material, therefore, would 
result reduction digestion capacity for screenings alone (at Baltimore) 

may not necessary disintegrate fairly coarse screenings prevent 
troubles with floating material, the digestion capacity large enough and the 
mass kept optimum temperature conditions.. plants where heating 
facilities are available, where the sludge compartments can not economically 
heated (such tanks), shredding and cutting would 
undoubtedly beneficial. The disintegration will take place tank, but 
more finely divided material decomposes more rapidly. the case very 
coarse screenings disintegration would decided benefit the digestion and 
would help prevent material from floating. for these several reasons 
that Mr. Keefer’s paper interest the profession; his experiments have 
called attention simple workable method that could tried other places. 


this method seems means disposal that can used profitably only 
under certain restricted circumstances. The quantity and quality of. the 
screenings would largely affected the distance the sewage traveled. 
Where the distance great most the solids would comminuted that 
they would not caught coarse screen, and those that were caught would 
fibrous and more difficult grind, thereby increasing the cost per cubic 
foot screenings, although not per million gallons sewage. the sludge 
were used for fertilizer the addition such material the digestion 
tanks might disadvantage. 

plant operated entirely electricity the elimination incinerator 
advantage, especially where coal used fuel. gas collected 
from the digestion tanks might utilized, thereby disposing waste 
by-product and avoiding the expense handling coal. 

The grinding screenings has been suggested elsewhere preliminary 
for ocean disposal, the ground screenings being returned the screened sewage. 
Such method not recommended there are any bathing beaches 
within radius several miles. Much the material such that would 
continue float indefinitely and always would source pollution. 
Southern California grease deposited beaches several miles from the 
sewer outfall, and ground fibrous material would equally troublesome. 

Proceedings, Am. Soc. E., September, 1929, Papers and Discussions, 1765. 

Chf. Draftsman, Los Angeles County Sanitation Dists., Los Angeles, Calif. 


Received the Secretary, December 1929. 
Proceedings, Am. Soc. E., September, 1929, Papers and Discussions, 1771. 
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FILTERING MATERIALS 
FOR WATER AND SEWAGE WORKS 


PROGRESS REPORT THE COMMITTEE THE 
SANITARY ENGINEERING DIVISION 


Discussion* 


(by letter).t—In connection with material for 
sewage trickling filters stated the Committee’s report that experimental 
units are contemplated and opportunities co-operate are appreciated. 
evident from the number questions that require study, that one experi- 
mental unit can conducted obtain results the near future. The 
Committee cannot conduct experimental filters, nor dictate what type experi- 
ments should made others, but there seems abundant room for co- 
operation the way suggestions and corroboration. 
Some the questions which require definite study are: 
(a) durability. 
(b) Clogging. 
(c) Rate application. 
2.—Effect Size Material: 
(a) purification. 
(b) Film formation and sloughing. 
3.—Comparison Most Effective Sizes Different Materials, 
Establish the Effect: 
(a) rate application. 
(b) Depth filter. 
order study some these problems the New Jersey Sewage Experi- 
ment Station has built and put into operation small experimental filter, 
Plainfield, filter round, ft. diameter, and ft. deep. There 


the Progress Report the Committee the Sanitary Engineering 
Division Filtering Materials for Water and Sewage Works, continued from December, 
1929, Proceedings. 


Chf., Dept., Sewage Disposal, New Jersey Agricultural Experiment Station, New Bruns- 
wick, 


Received the Secretary, November 14, 1929. 
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are take-offs for sampling the and 5-ft. levels and the bottom. The 
filter divided into four parts, which are filled with either crushed stone, 
slag, gravel, limestone, all in. size. The analyses made include 
tests for bio-chemical oxygen demand, ammonia, nitrites, nitrates, suspended 
solids, ash, and bacteria, and observations are made the growth the stones. 
contemplated run the filter its present condition (definite size 
stone and definite application) for least one year. Changes the rate 
application are then made, followed changes the size the filter 
materials. intensive study the working-in period has already produced 
some interesting results. perhaps unfortunate that four larger experi- 
mental filters could not built, each receiving full spray. 

While the Committee cannot very well dictate the lines attack for the 
different experimental units, co-ordination the work done different 
places would highly desirable. 

Even experimental units with the same general program were conducted 
different places, would possible emphasize one place the more 
strictly engineering features, while another the chemical and biological 
features could studied greater detail. The Committee could suggest 
which problems emphazise and the questions which those interested would 
like have answered first; could watch the progress; and, finally, could 
condense and annotate the available results. The writer has doubt that 
those who are making the investigations will any suggestions and 
help the Committee can give. When the results are brought together and 
commented upon the Committee, might not possible standardize 
practice. The Committee, however, should position point out the 
reasons for numerous difficulties and thereby prevent repetition mistakes. 


mittee, far trickling filter material concerned, has been directed toward 
the physical, chemical, and structural characteristics materials commonly 
used, and the conclusions for the testing and selecting materials for trickling 
filters appear basically sound. There conclusion yet relative 
the most suitable size material for trickling filters. Possibly this omission 
has been for some good reason. 

The relationship which any particular size, range size, filter mate- 
rial bears filter efficiency various rates application sewage different 
strengths may considerable importance determining filter loadings. 
While reasons other than satisfactory analytical results may limit the quantity 
sewage, the loading which filter may receive, nevertheless appears 
that many filters are designed and operated rates considerably below their 
actual capacity. This may due lack and comprehensive 
information, which forces the designing engineer self defense select filter 
rates and loadings which feels sure will produce satisfactory results. 
other words, may use rather high safety factor. More complete and 
reliable information regarding all the factors which enter into filter operation 


Engr. and Secy., Metropolitan Drainage Comm., St, Paul, Minn. 
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would enable the designing engineer “hew the line more closely”, the 
financial benefit his client, not only determining the size any particular 
filter installation, but also making comparisons between trickling filters and 
activated sludge plants their relative economy. 

study the operating results the trickling filters Minnesota and 
elsewhere the United States indicates quite wide range sewage loading. 
However, when the bio-chemical oxygen demand results filter influents and 
are plotted, found that the curve for any particular filter, generally 
speaking, follows straight line. Practically all the data obtained tend 
substantiate general conclusion that the reduction oxygen demand follows 
loading the filter, both expressed terms pounds 5-day bio-chemical 
oxygen demand per unit filter surface, and constant within reason- 
able limits for the particular sewage and filter. This general conclusion ap- 
pears applicable regardless the rate application to, and many 
instances probably beyond, the rates which these particular filters were being 
operated. 

probable that the value influenced many factors, among 
which are the characteristics the particular sewage, the presence indus- 
trial wastes, temperature, dosing cycles, nozzle size and spacing, depth 
filter, types under-drainage system, and the size and shape the filter mate- 
rial itself. From the standpoint the work this particular Committee, 
would interesting know what influence, any, the size character 
the filter material has upon the value 

Designing engineers everywhere will appreciate the value reliable data 
which will enable them plan their treatment works that each step will 
harmonize its economical relationship with the other parts the process. 
hoped that will possible the Canton, Ohio, and other experiments 


investigate more fully the relation size material, depths, and filter 
loadings. 
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CHARGES AND METHOD MAKING CHARGES 
FOR PROFESSIONAL SERVICES 
REPORT SPECIAL COMMITTEE 


Discussion* 


this Committee appear conservative and quite sound. The writer 
would suggest some possible modifications with the idea making them more 
definite guide fixing charges for service. 

Engineers should strive approach certain standards charges that 
clients would assured fair and impartial treatment and the engineers 
themselves get what due them individually practice and profit. 
illustrate, each engineer might estimate designer’s time $2.00 per hour 
whether actually pays the designer his staff more less than that sum. 
similar base charge could made for surveyor’s time and another for 
resident engineer having given staff under him. 

make the principle these suggestions more clear, the following addi- 
tional recommendations are offered: That all engineers aim approach 
certain standards estimating the cost serving clients; and that all 
standards such costs based assumed ideal conditions. 

Each assistant would then receive fair salary based the time required 
for adequate training for the service renders and his ability and merit. 
Under such conditions may assumed that each engineering office would 
busy nine months each year. All surcharge assistants’ pay and other 
overhead expense should made, accordingly, under the “readiness serve” 
idea. 

The charge for personal service the consultant and for profits should also 
take the lost time into account. 

The personal service charge would then proportion the consultant’s 
standing the profession and his qualifications expert for the par- 


Discussion the Report the Special Committee Charges and Method Making 
Charges for Professional Services, continued from December, 1929, Proceedings. 
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ticular service the case and also, course, the importance the 
should not scaled down price-cutting spirit the one hand, nor 
raised exploit client the other. 

Under such conditions, the total profits for all consultants given terri- 
tory should sufficient give them fair living, the standard other 
learned professions. Each consulting office should get fair share the total 
profits, but should some proportion the efficiency and merit the 
organization. client should charged fair proportion the total 
profits for the service gets. 

The writer suggests that the total charge recommended for service each 
client estimated under the assumed conditions and considered the 
“normal charge” for such service; and, furthermore, that all engineers 
urged use the “normal charge” the guide their practice. 

Assuming that under some such plan, schedule normal charges might 
approximated, the following rules should made observed principle 
engineers for the general good: 


1.—It not ethical attempt secure employment offering 
work for less than the normal charge proportion the estimated 
cost the construction work because that unfair competing 
engineers. 


2.—It not ethical take advantage client’s special needs 
ask more than the normal charge. Such unfair treatment client 
works the reputation the Engineering Profession. 

unethical for engineer offer his services, all 
part, free for the purpose increasing his practice advertising him- 
self his company, because such action might force competing engi- 
neers the same self-defense. 


Salesmanship another item that seems pertinent since has bearing 
the subject charges. has been given much emphasis lately. course, 
engineer may employ the salesman’s art certain point with propriety. 
excessive use the art, however, tends lower the dignity the profes- 
sion and also probably lower its efficiency. view this the following rule 
suggested added the three previously mentioned: 


unethical for engineer endeavor through superior 
salesmanship exploit the public any way outwit his com- 
petitors secure more than his due share practice em- 
ployment. Such action unfair and hurtful competing engineers. 


One more point: consideration will seen that engineers are 
co-operate any way regulate charges, great care should taken guard 
against inviting the suspicion that they are trying exploit the public through 
greed. may noted that trades unions have sometimes overdone the 
business raising wages when they had the power. 

devoutly wished that large proportion Society members will 
take active interest this discussion that the final report the matter 
will yield true consensus opinion. The writer the suggestions 
offered herein may prove some service arriving conclusions value. 
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viction the writer that men and owners generally are willing pay fair 
and adequate price for services commodities the value which they can 
understand, appreciate, and interpret terms familiar themselves. This 
discussion, therefore, will limited three points, namely, the manner 
which engineers should accept employment; unfair competition; and education 
engineers and clients. 

the building construction field, particularly, structural designers are 
frequently contractors architects meager rate pay. 
Engineers should not accept employment this mannner. bridge, 
building, other structure, large small, should first safe, built 
endure, and designed permit economic construction well 
render convenient and economic service its owner. the function the 
engineer plan so. Second, structure should possess beauty keeping 
with its purpose and surroundings, and, the case building, should 
have its space and volume disposed provide maximum convenient 
utility its owner. plan such manner the function the 


architect. Finally, should well constructed accordance with the plans 


and specifications. This the function the contractor and should 
performed under the supervision engineer and architect. The owner, there- 
fore, should employ separately the engineer, the architect, and the contractor, 
and they, with him, and among themselves, should co-operate the accomplish- 
ment his purpose with credit themselves and their separate callings; and 
each should recognized for the results for which responsible. 

Unfair competition college professors and civil employees with practicing 
engineers condition that, time, should produce its own cure. The deans 
and trustees engineering universities and colleges, and public officials, 
the one hand, and employers practicing engineers, the other, will, 
doubt, ultimately realize that man can satisfactorily efficiently fulfill two 
important and essentially different occupations one time, for must surely 
neglect one favor the other. college professor has neither the time, 
equipment, nor proper organization, and seldom the necessary experience 
practical matters, handle, promptly and efficiently, engineering work other 
than his teaching and research. should stated here that with the facilities 
his hand and, great many instances, does render the profession 
eminently valuable contributions through research. 

One argument, possessing some merit, advanced favor professors and 
instructors, undertaking outside work the effect that fits them in- 
struct their students properly. this true the aspirant for chair 
engineering faculty should, upon his graduation, spend several years the 
employ practicing engineers and contractors whose work lies the field 
which has chosen teach and thereafter return whole-heartedly the 
work teaching and training his students. can readily keep himself 
abreast engineering progress well-chosen reading the technical press, 
and interpret what reads his students the light his past practical 


Vice-Pres., the Greiner Co., Baltimore, Md. 
Received the Secretary, November 11, 1929. 


will 
itter 


152 


BALLARD CHARGES FOR PROFESSIONAL SERVICES 


experience. practicing engineer who handling work importance must 
ready when and where required, and give his time without limit 
serving his clients. This impossible for the professor civil employee. 

The education engineers and especially clients will require much time, 
patience, and tact. Engineers must taught respect their profession and 
practice high and honorable plane; otherwise they cannot hope 
command the respect which entitled. unpleasant admission, 
but nevertheless true, that present there are those who not seem hesi- 
tate violate the fundamentals the Code Ethics. These violations should 
reported, promptly investigated, and the guilty parties, members the 
Society, should disciplined it. 

Engineers should avoid indulging public criticism the work fellow 
engineers, unless the principles engineering have been flagrantly violated 
endanger life, health, property. then were better convey 
the criticism those with authority and power correct, because such criti- 
cism must frequently terms unintelligible the layman, and, therefore, 
serves only destroy confidence the profession. Constructive criticism and 
discussions within the Society are welcomed all right-minded engineers and 
should freely indulged the benefit all. 

the Committee report points out,* the education engineers proper 
professional conduct can best accomplished while they are yet school and 
college, and before they meet the rough and sometimes disillusioning elements 
competition. school, the idealism youth its highest tide and 
impressions received then those whose characters are such quality 
fit them honorably pursue the profession engineering will 
into strong, permanent convictions. 

The education clients can accomplished best keeping before them 
the clean, honorable, intelligent conduct members the Engineering Pro- 
fession. There way which clients can brought together groups 
and instructed. They must learn distinguish between the results and value 
good, competent engineering service compared with mediocre careless 
work, and the value good work must impressed upon them their own 
terms, usually dollars. When this lesson thoroughly learned them, they 
will quick realize that the additional the fee the compe- 
tent engineer insignificant when compared with the savings many kinds 
affected his work. must admitted that this lesson learned more 
readily clients the other professions, for example, the law, for upon the 
successful conclusion case lawyer’s client can see once and can fre- 
quently bank the results, whereas the true value sound engineering work 
often requires years make itself evident. 

Clients must continuously impressed with the fact that the proper prac- 
tice engineering done the rigid and honorable principles well- 
conceived code ethics. This can better accomplished precept than 
preaching. Having learned it, clients will soon come realize that competent 
and valuable service expected only from those engineers who hold their 
profession and its code ethics high regard. 


Proceedings, Am. Soc. E., September, 1929, Society Affairs, 283. 
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EXPERIMENTAL RESEARCH 
VIBRATION DAMPERS AND INSULATORS 


Discussion* 


— 


great interest and which little research has been done. The general problem 
vibrations structures well machinery quite complicated, Mr. 
Slocum remarks, and too often discussed purely empirical manner. 
possible, however, give perfectly rational explanation many 
these phenomena, including the one which the subject this paper. 

The author states§ that “no practical solution has yet been found the 
vibration characteristics such primary element simple beam 
uniform cross-section under load.” This not entirely true, since Ray- 
leigh’s gives, with very little calculation, solution which least 
95% correct; “practical solution.” one wants put some more 
work into the problem, Ritz’s can used, giving solution 
series form any desired accuracy. Both these methods are extensively used 
vibration engineers. 

The experimental set-up Fig. can also completely calculated 
the full data concerning the masses, flexibilities, and damping constants the 
various members are 

These items are not given the paper. The elements that are least known 
this set-up are the “load from the testing machine” and the flexibility 
the supports between the and the platform. 


This discussion (of the paper Stephen Slocum, Am. Soc. E., published 
October, 1929, Proceedings, but not presented any meeting the Society), printed 
Proceedings order that the views expressed may brought the attention’ all 
members for further discussion. 


Research Dept., Westinghouse Elec. Mfg. Co., East Pittsburgh, Pa. 
Received the Secretary, November 1929. 
Proceedings, Am. Soc. E., October, 1929, Papers and Discussions, 2109. 


description Rayleigh’s well Ritz’s method can found “Vibration 
Problems Engineering,” Timoshenko, Van Nostrand Co. 


Proceedings, Am. Soc. E., October, 1929, Papers and Discussions, 2111. 
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The “load from the testing machine” consists partly mass dead weight 
and partly spring pressure. These two causes have the same effect com- 
pressing the test pad; but they behave radically different, dynamically. From 
the results Fig. (a),* however, certain tentative drawn. 

the first place, the curve Fig. with the data the description 
Fig. (a) makes possible calculate the spring constant the test pad, 
which 3000 per in. deflection. This flexible compared 
the H-beam, that the latter flexibility can safely neglected. The system 
the test pad, H-beam, and testing-machine head then can represented 
Fig. 15. 

Let 3000 per in.) represent the spring the test pad, while 
and are the equivalent mass and spring caused the H-beam and the 
testing-machine head. this system subjected vibratory motion, 
sin its bottom end, the mass, has motion, sin which, 


Equation (3) the principal formula the spring vibration absorber. this 


k,a 


Values 


Values 
ARRANGEMENT 


ING MACHINE AMPLITUDE THE RECEIVER THAT 


THE TRANSMITTER FUNCTION THE FRE- 
QUENCY THE INPUT VIBRATION. 


The ratio, the amplitudes the and the 
calculated from Equation has been plotted Fig. 16. The curve shows 


the “static” condition. certain speed, resonance occurs and the 
Proceedings, Am. Soc. E., October, 1929, Papers and Discussions, 2114. 
Loc. cit., 2115. 


The complete theory can found the Electric Journal, Vol. XXI (1924), 160, 
article Soderberg and, also, the book Timoshenko previously noted, 
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motion becomes infinite theoretically. For very fast motions the bottom 
end the mass, too inert follow it, and its amplitude zero. 

seen that the vibration absorber works only when its impressed fre- 
quency high with respect its natural frequency, which another way 
stating that soft spring needed. seen that for stiff spring the 
absorber may become injurious; that is, the received vibration may larger 
than the transmitted vibration. The test results indicate that they were con- 
ducted the extreme right the diagram Fig. 16. fact, possible 
that the present test set-up there some low running speed which the 
amplitudes received are larger than those transmitted. 

case the unbalanced motor had been placed the H-beam directly above 
the test pad, while replacing the equivalent dead weight the motor its 
original location the L-beams, the vibration the would still 
larger than that the H-beam (at speeds from 1100 1500 rev. per min.). 
this case, again, the result would “negative damping”. 

If, instead corkhoard, steel springs the same flexibility had been used, 
the results would have been very much the same, since the tests were taken for 
points that not coincide with the critical speed the system Fig. 15, 
that internal friction the material importance. 

The resonant frequency the cannot appreciably affected 
the remainder the system since the flexibility the test pad great. 
rough calculation this frequency from the available data indicates higher 
frequency than the records show. possible explanation for this that the 
supports between the and the test platform have some flexibility, 
that the test platform itself not entirely steady. 

When the corkboard test sample replaced sand gravel, which have 
higher modulus elasticity, the Equation (3) becomes larger and, con- 
sequently, the condition displaced toward the left Fig. 16, thereby show- 
ing larger transmitted vibration. 

Summarizing, can stated that proper vibration absorption can 
accomplished fundamentally supporting the vibrating system such springs 
that the natural frequency the system becomes low with respect the fre- 
quency vibrations. This can done steel springs organic materials 
like cork, rubber, ete. 

The writer has had some experience with these absorbers applied 
machinery, and mostly has used steel springs, for the reason that present 
knowledge concerning organic materials insufficient. quite possible 
mount structure corkboard and get good immediate results, but not 
known what will happen after five years. The material may become stiffer 
with time and thus become worse than nothing. 16.) 

fundamental research the vibration-absorbing qualities cork, rub- 
ber, felt, sand, should consider the following points: 

(1) Flexibility function the number repetitions the vibration, 
the load, and the time applied. 
(2) Internal hysteresis the material under the same changing factors 
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(3) Model tests the type described the paper, but with springs and 


masses which are definitely known, that the results can checked cal- 
culation. 


This program quite involved and will take considerable time and effort, 


but believed that the data thus obtained will great help the 
profession. 


importance new field engineering and, this time, should have its 
specialists and quantity experimental knowledge. This does not seem 
the case, however, because little definite information vibration 
available and few specialists seem the field. This field, seems, 
fertile place for committee the Society. 

Vibration studies are specialist’s job, because even though frequency and 
amplitude vibration can fairly well catalogued for any structure, the 
more difficult question encountered: “What done about 

Damping and insulating are not the answers. These appear only 
makeshifts, usable until the time comes when vibration can measured and 
predicted that can cared for proper design. The completed struc- 
ture, parts that can vibrate whole, must designed that their 
natural frequency will conveniently avoid any forced vibration that will tune 

With existing apparatus the frequency and amplitude vibration can 
measured under actual working conditions. With this knowledge, the machine 
structure under consideration can re-designed, and then must tested 
again see whether its natural frequency high enough low enough 
keep out step with external forced vibration. There too much “cut-and- 
try” this method that ninety-nine out hundred times still 
laboratory procedure. some few instances, this method actually applied 
commercial design. 

The paper dealt with low frequency, large amplitude vibration. The method 
good laboratory test for comparing vibration dampers. Very much higher 
frequencies, taken from structures the field under actual operating con- 
ditions, can measured with existing apparatus. Furthermore, vibration can 
recorded from large number points simultaneously. The double resistor 
type electric telemeter has been frequently used for such purpose and good 
effect.t This instrument attached the member investigated and 
vibration the member changes the resistances pair highly refined 
carbon resistors which proportionately unbalances Wheatstone bridge. 
oscillograph, connected across the apex the bridge, records faithfully the 
frequency and amplitude vibration. twelve telemeters, for instance, are 
attached very small cap screws twelve points structure and their 
lead wires brought together panel board and connected the twelve 
elements single oscillograph recorder, twelve simultaneous vibration 
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records can made single 12-in. film, and the frequency obtained 
comparison with thirteenth record. This record may that 60-cycle 
alternating current, break-circuit Swiss chronometer operating reflecting 
kicker, special tuning-fork marking off 0.01-sec. intervals. The equipment 
first calibrated that known values amplitude have been established. 
magnification four hundred times can obtained with this method, and the 
amplitude vibration measured from the actual wave the film. The 
principle measuring electrical unbalance sensitive circuit 
Wheatstone bridge eliminates all inertia effects except that the oscillograph 
vibrator which infinitely small. 

Frequencies cycles per sec. can recorded the sensitivities 
requisite for this work, although frequencies high 8000 cycles per sec. 
have been recorded. The frequency limited the natural period the 
oscillograph vibrator. recording increases, frequency 
decreases. other words, the greater the magnification amplitude, the 
less the frequencies that can recorded. Most vibrations encountered 
commercial engineering structures are less than 300 cycles per sec., this 
permits high magnification. Errors recording range from 10%, depend- 
ing the severity vibration. 


107 


1375 R.PM. 
24™ 


SHOWING RESONANCE SYNCHRONISM. 


Perhaps the telemeter can furnish additional information the subject 
vibration. Perhaps can extend the work Mr. Slocum, record the 
actual damping effect, structures under service conditions, the materials 
has studied the laboratory. can surely pick out the resonance 
synchronisms illustrated Fig. 17.* When resonance attained, the 
oscillograph trace can seen rush peak and becomes fainter (see 
position marked 10th harmonic 1650 rev. per min., top line, Fig. 17). The 
heavy regular wave the timing trace. The superimposed wave the forced 
Vibration the part. When the natural frequency the part not 


recorded the Cleveland Wire Spring Co. 
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approached this wave regular and well defined, but when synchronism 
reached, flies all pieces. The figures 10th, 12th, 15th, etc., designate the 
harmonics and the speeds noted are the rates forced vibration. 

means the telemeter, vibration can measured, recorded, studied, 
and catalogued, but must remembered that there the function the 


telemeter stops. What remedies use overcome the phenomenon another 
problem entirely. 
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SPILLWAY DISCHARGE CAPACITY WILSON DAM 


Discussion* 


Assoc. Am. Soc. (by letter).t—As the author 
states,§ there are relatively few data regard flows through large spillways 
deep ft. When spillways are designed for such heads, one might, 


calculating the discharge large rounded ogee spillway section, use con- 
servative value, say, 8.4, and hope that the spillway would discharge 
least much computed using that coefficient the formula: 


Therefore, when such measurements those presented the author 
appear, engineers who are interested immediately greet them “with open arms” 
and analyze them see there are data which may use them. 
Equation form which makes the arithmetical work laborious, 
and simpler equation would desirable. The equation parabola would 
have afforded such equation. this case, the equation parabola is: 


and, finally, after integrating: 


October, 1929, Proceedings, but not presented any meeting the Society), printed 

Proceedings order that the views expressed may brought before all members for 

further discussion. 
Chf. Designing Engr., Water Dept., Pasadena, Calif. 
Received the Secretary, November 11, 1929. 
Proceedings, Am. Soc. E., October, 1929, Papers and Discussions, 2131. 
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which, 


A—B 


2 


which equation much easier arithmetical solution. 

computation shows that Equation (7) (the ellipse equation) gives the 
same values Equation (12) (the parabola equation) the fifth significant 
figure. 

The writer does not agree with the author his mathematical treatment 
“Discharge Capacity Spillway with Adjacent Gates Open.”* Mr. Puls 
has stated that “this increase quantity discharged, can treated 
were due increment head.” 

seems more logical the writer attribute the increase discharge 
due adjacent gates being open caused lessening the end contrac- 
tions, because can easily seen that with only one gate open, the water 
would flow diagonally into the spillway opening, well straight into it. 
This would tend cause more end contraction than when the adjacent gates 
are open and the water flowing more nearly straight through the several 
spillway openings. that correct reasoning, the relation between (one 
gate open) and (adjacent gates open) depends upon formulas having 
with end contractions. Regarding end contractions, states: 

“Francis concluded that each contraction decreases the effective length 
the weir amount proportional and gave the following formula: 

which (n) the number end contractions, usually two.” 

Other authors such and Gibson§ also cover the same subject, 
stating effect that nothing better has yet been found, and that the formula 
seems rational. 

Quotations from these and other authorities will not made herein, but 
are mentioned for the purpose showing that, from the best information 
available the subject, the discharge does not change proportion the 


three-halves power any value but end contractions dimin- 
ish the discharge from (without end contractions) amount equal 


thus seen that the change discharge not even proportional 
but for any given values and constant with the denom- 
inator, such that large enough, the change occasioned end contrac- 
tions small proportion the total. For these reasons, the writer believes 
that Equation does not correctly show the relation which exists between 
and Q’. 

Proceedings, Am. Soc. E., October, 1929, Papers and Discussions, 2139. 

“Text Book Hoskins, Third Edition, 1911, 149. 


“Hydraulics and Its Gibson, Second Edition, pp. 141-142. 
Proceedings, Am. Soc. E., October, 1929, Papers and Discussions, 2140. 
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The author also states* that “the discharge, Q’, can found because all 
other values are now known.” Even Equation (8) were correct, the absence 
any mention any measured value leads one believe that the 
author has assumed and accordingly from Equation (8), 
obtaining 848 The writer believes that not necessarily correct 
assume the case gate fully open, and, therefore, and are 
both unknown; that for any correct solution based experiment, the value 
should also have been measured. However, even the value had 
been measured, believed that Equation (8) irrational and could not 
expected give rational results. 

The derivation Equation (8) implies that from it. 
Otherwise, has use. Therefore, assumed that was calculated and 
not obtained from actual measurement velocities over the whole section, and 
that, therefore, the value, cannot used check Equa- 
tion (8). 

the author’s presentation correctly understood, the writer believes 
that insufficient data are presented for any reasonably accurate calculation 
(gate fully open) which could purport depend the field observations; 
or, least, sufficient data exist, the mathematical presentation given 
the author does not solve the problem. 

The author’s determination 3.420 for one gate open, however, 
nearly correct the data warrant, and for conditions similar those the 
time measurement Wilson Dam, the value found ought fairly 
reliable. 

The author, the use his “vertical-velocity” and “vertical-velocity-area” 
curves, and his method attack integrating the area under the ellipse, has 
shown considerable ingenuity, and has presented the data very clearly and 
simply. also deserves commendation for making the data which has 
collected available for others. 


Proceedings, Am. Soc. E., October, 1929, Papers and Discussions, 2140. 
Loc. cit., 2141. 
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ST. FRANCIS DAM 


REPORT COMMITTEE BOARD DIRECTION 


Discussion* 


Epwarp Am. Soc. (by man’s opinion 
the cause the failure the St. Francis Dam any value. This 
for the reason that not question for opinion. Where facts are clear 
that they leave escape from definite conclusions, there room for 
opinion. the writer’s intention show that this failure that 
category. 

One may ask, what the volume rectangular block stone, having 
certain known dimensions? opinion any value answer this 
question. the answer does not agree with the product the three dimen- 
sions, opinion, and valueless. does agree with that product, 
not opinion, and correct. opinion may rightly expressed 
the weight that same block stone, its gravity can only 
judged. 

bridge may fail, say, tension member certain known sectional 
area and tensile strength, due load that produces certain calculable 
stress which equals exceeds the known strength that member. The cause 
that failure not matter for opinion; mere question fact. 
Engineers should recognize the difference between subjects for opinion and 
subjects for conclusions based facts. Where possible, reports failures 
should set forth the facts clearly that conclusions are inescapable. 

The St. Francis Dam was reality three dams joined one. Two 
these were identical type; the third was essentially different. Neither 
the six reports pointed this fact. the outstanding feature and any 
report that fails emphasize it, fails completely show the lesson taught. 


Discussion the Report the Committee the Board Direction Essential Facts 
Concerning the Failure the St. Francis Dam, continued from December, 1929, Proceedings. 
Structural Engr., Pittsburgh, Pa. 
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The two wings the dam had base width 65% the height; the middle 
portion had base width about 80% the height, one can see laying 
straight edge down the stepped slope Fig. 2.* The middle part, further- 
more, was underdrained. Personally, the writer does not place much store 
under-drainage dams. does, however, recognize the enormous 
80% base width. 

The greater relative base width unquestionably places the middle part 
this dam class apart from the two wings. different type 
design. Separated from the other two dams that made the St. Francis 
structure, every engineer would compelled admit that its stability 
greatly superior the others. 

very simple calculation will show that, assuming water weigh 62.5 
per cu. ft. and concrete 150 lb. per cu. ft., triangular dam, stable 
against up-stream water pressure alone, will have base width about 65% 
the height. Hence, dam this cross-section the type designed for 
up-stream pressure only. 

equally simple calculation will show that the triangular dam has 
base width 85% the height, will completely stable against over- 
turning due full up-stream pressure and full under-pressure the entire 
base. dam this cross-section the type designed for all the water 
pressure that exerted against it. Any dam approaching this cross- 
section type designed for part the under-pressure. 

The 65% base distinct line. There factor safety. there 
any under-pressure whatever, the up-stream edge the base opened for 
the entrance water; this entering wedge for the admission water 
and greater upward pressure, and the beginning failure. This not 
opinion. demonstrable fact, based accepted laws mechanics. 

Surely, then, design that takes care even some under-pressure 
class apart from one that would fail with the first appearance such pressure. 
the expense apparent repetition the writer has emphasized the difference 
between the middle dam and the two wings. The middle dam stood up. 
had blasted away. stood the enormous shock the two wing-dams 
being broken off and floating away and the dynamic force the tremendous 
flow water when the wing-dams moved off. quite possible that the 
0.7 movement measured this middle section occurred while the two 
wings were floating and resting water alone, the only frictional resistance 
being that offered the middle section. 

There nothing the six reports this failure and the facts stated con- 
cerning the dam indicate that the rock under the middle the dam 
any manner whatever different from that under one the wings. Yet these 
reports far state that the standing part the dam proof the 
correctness the accepted method design, which the method used for 
this dam (which includes the wings). 

There recognition whatever these reports the tremendously sig- 
nificant fact that the middle, standing part had relatively wider base than 
the two wings that floated away and that this the sole difference. 


Proceedings, Am. Soc. E., October, 1929, Papers and Discussions, 2150. 
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Engineers, especially those who deal with dams their design and who 


write books the subject, fail, large measure, appreciate the floating 
effect water pressure. The idea seems persist that there can 
flotation under-pressure unless there tail-water produce it, that thing 
cannot float unless entirely surrounded water. 


Before the failure the St. Francis Dam, water was leaking rapidly 


from beneath the dam. The leakage was great that the gauge showed 
measurable drop water level. significant note that was general 
leakage and not “blow-out” succession them. The leakage was 
watched. man would “watch” blow-out; would run for his life. 


The fact that there was leakage proves conclusively that there was pressure 
—pressure under the base the dam. simple fact mechanics that 
water could not work through 100 ft. more rock dirt without pressure 
behind it; and also simple fact mechanics that water exerts pressure 
equally all directions, not merely the direction which traveling. 
This means, demonstrated fact, that there was pressure exerted 
upward direction under the base this dam, amounting hundreds mil- 
pounds; and was absolutely unprovided for the two wings 
the dam that failed. 

There room for opinion here. The report the Committee the 
Board Direction states that only provision for up-stream pressure was made 
the design this dam. Because designer ignores gigantic force 
designing structure, does not follow that that force ceases exist for 
that structure. 

There has been much experimental evidence proving that water does exert 
pressure under the base dam, particularly two recent papers published 
the Society.* walls, sheet-piling, grouting foundation, under- 
drainage—all which were supposed inhibit under-pressure—have been 
resorted dams subjected actual tests,* but still the pressure was there. 

The specious argument that full pressure could not exist against 
the base the dam, because the several grains sand dirt must have some 
measure contact where water would excluded, has been proved false 
actual tests The proponents this argument failed see 
that there might several layers dirt particles and that one would push 
the other, thus making for the suppositional lack contact. The two 
papers referred were published before the reports the St. Francis Dam 
were made. They ought quiet forever every advocate the total partial 
neglect under-pressure. 

The argument that water penetrates soil capillarity and flows out without 
pressure quite contrary the known laws this subject. The St. Francis 
Dam floated out. 

The Committee reports give the weight concrete 140 lb. per cu. ft. 
With base 65% the height, the resultant up-stream pressure and under- 

pressure intersects the down-stream edge the base, indicated Fig. 


Pressures Under Dams: Experiments the United States Bureau Recla- 
mation,” Julian Hinds, Am. Soc. and Uplift Pervious Soils.” 
Parsons, Am. Soc. E., Transactions, Am. Soc. E., Vol. (1929), pp. 
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The full weight the dam, therefore, was supported and carried water. 
was actually floating. Mere water current under such circumstances would 
not account for the movement 000 tons rock one piece mile. Flota- 
tion would fully account for this movement, which would have been physically 
impossible the base the dam had approached 85% the height instead 
being exactly the width for complete flotation. 


Resultant 
Weight Dam 


Result 
Under-Pressure— 


Fic. How AND DAM FLOATED 


The floating wood paving block doubtless responsible for the many 
failures that type paving. bucket water would suffice float 
large area blocks. 

Modern engineers need learn from the ancient Egyptians the facts 
flotation. There scarcely any doubt that they floated the great stones the 
Pyramids place barges, either through excavated canals canals built 
temporary retaining walls, both. 

One the reports points out that the concrete the dam was much 
stronger than the rock which rested.* The inference that rock 
less strength than concrete inadequate for foundation. There reason 
why the rock should any stronger than necessary perform the service 
required, which bear the weight the dam. The maximum load 
sq. ft. the soil the base this dam 31700 lb., which the weight 


Proceedings, Am. Soc. October, 1929, Papers and Discussions, 2153. 
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220 cu. ft. concrete (220 lb. per sq. in.). The foundation rock, accord- 
ing tests made one the Committees, had compressive strength 
523 lb. per sq. in. Here factor safety more than two, and, fact, 
any material place and confined has much greater compressive strength 
than free cylinder. There possibility that this weight could crush 
the rock the foundation. 


One Committee attributes the failure blow-out this rock. 
that the rock was soft, rocks go, and that was particularly 
when was wet, what about the tremendous pressure that would re- 
quired force out mass this rock, for instance, from hydraulic cylinder 
Where did come from? What about the concomitant cylinder pressure? 
Could cylinder force out great mass rock and not subject 
wall pressure? this sub-foundation had wall pressure, what about the 
this pressure the overlying dam that conceded totally 
lacking stability against ounce such pressure? What held the dam 
down when this high-pressure work was going on? would illuminating 
one who sets this “blow-out” theory would explain how acts. 

The writer concedes that blow-out possibility soil. When soil 
can rendered liquid semi-liquid water penetration, and when such 
fuid soil covered with compacted crust pavement, the fluid pressure 
will the head the water source—and will lift the pave- 
ment crust, allowing the fluid mud escape. failure undermining 
might happen dam ample width built mud quicksand. could 
not happen the soil approaches the nature rock. The Galveston Cause- 
way failed this manner. The sea dashed great waves and saturated the 
high ground. This water, tending flow back the sea, accumulated head 
under the paved slope, lifted the pavement and undermined the Causeway. 

Earth dams fail sometimes blow-outs. Paved compacted down- 
stream slopes are subjected accumulated under-pressure; and when the 
lifted this pressure, there subterranean flow mud that 
may even cause the crest the dam sink. The impression then given 
that the weight the crest too great for the underlying soil bear. 

Reports failures earth dams have attributed the failure the weight 
the earth the crest, when the disturbance was initiated the shape 
blow-out many hundreds feet from the crest. One such case was the 
Dam this dam intense subterranean water 
mud pressure was proved exist below the base. 

There serious need revision and re-alignment engineering liter- 
ature and thought the subject water pressure and flow semi-liquid mud; 
and the serious disaster such the St. Francis Dam failure 
appropriate one point out such need and the way should trend. 

The middle part the dam was moved 0.7 ft. when the wings floated 
away.t Instead being indication instability this remarkable 
proof stability. When this part could withstand the enormous shock the 


Engineering News-Record, January 31, 1929, 190. 
Proceedings, Am. Soc. E., October, 1929, Papers and Discussions, 2151. 
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two wings breaking away and the dynamic force the moving body water, 
and suffer merely movement fraction foot, the most conclusive 
demonstration ever staged the complete stability dam properly designed 


for under-pressure. 


the whole dam had been base width 85% its height, would 
standing to-day spite all that the reports say regarding the rock for- 
mation. more convincing proof this could conceived than the action 
the middle section which only approached that proportion, but which well 
exceeded the danger line per cent. Nature cannot put enough water 
behind and beneath triangular dam 85% base width move away. 

One the reports states* that separation the foundation inclined 
cleavage planes was responsible for the failure. cleavage planes were 
transverse with the dam. How could there sliding this direction? 
true that after the dam was washed away and great holes were eroded under 
where had stood, there were landslides transverse direction, but this 
could not happen when the dam and its underlying rock were place. 

little consequence which wing the dam gave way first. They 
were both equally weak and both were floated away the known and proved 
pressures water. 

There was time, some years ago, when under-pressure seemed 
becoming recognized fact and something provided for the stability 
dam, but some utterances recent years seem indicate reversion 
the attitude earlier years, when under-pressure was totally ignored. new 
book structural treats under-pressure something little 
consequence and something that can readily avoided. 

One argument for ignoring under-pressure was based the fact that 
engineer many years ago computed that dam designed for under- 
pressure and ice pressure should have base width 352 ft. for height 
250 ft.t Another argument the statement that certain dams are said 
their designers have been designed with regard under-pressure. One 
these the New Croton Dam. The cross-section this dam sufficient 
for full under-pressure any horizontal joint. The designer’s idea not the 
thing that determines the stability dam; the concrete placed it. 

Again, the opinion has been expressed§ that, 


whether not uplift should considered, question for 
the exercise good judgment the part the engineer. Where 
large populations live below dam and where great loss life would occur 
failure, the engineer could justified providing much larger factor 
safety than would required ordinary cases.” 


would have been enormous saving the part Los Angeles, there 
had been inflexible law requiring that this dam have the 30% additional 
mass concrete that spells the difference between precarious existence and abso- 
lute stability permanence. 


Proceedings, Am. Soc. E., September, 1929, Papers and Discussions, 2153. 
“Structural Engineering,” George Fillmore Swain, 1927. 

Transactions, Am. Soc. E., Vol. (1927), 256. 
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Another engineer also adds* the weight his opinion this tendency 
ignore under-pressure. states that “he has direct personal knowledge 
any failure upper portion masonry dam over-turning sliding 
lower portion except where caused ice thrust.” The Gleno Dam 
Italy sliced off lime mortar joint above the foundation, and 500 600 
people perished. furthermore, that with barrage drain holes 
one may reasonably expect the intensity uplift pressure approximate that 
due tail-water.” The tests previously mentioned refute this theory. 


was built according old and established traditions the Civil Engineering 
Profession ultra-expensive manner such that its ponderous mass would 
have rendered safe had the underlying formation been impervious hard rock. 
The impervious hard rock formation unfortunately the excep- 
tion rather than the rule suitable dam sites. Inspection the foundation 
bed too often stops with (1) superficial investigation the apparent hard- 
ness the material; (2) the difficulties cutting out the “dry” instead 
subjecting the erosive action small hydraulic jet under pressure 
200 lb. per sq. in.; and (3) forming the final decision and verdict from the 
results such exposure. Such investigation the construction. the 
St. Francis Dam might have led making deeper cut the formation or, 
perhaps, the application the bridge builder’s method injecting neat- 
cement grout into the underlying strata under pressure 150 per in., 
thus sealing the pores and crevices the underlying material relatively 
small expense. the extent that such filling effectively done dam the 
dimensions the St. Francis structure might have been safe had the 
underlying rock been capable carrying the load without shearing crush- 
ing; but should the judgment the impregnation faulty that 
the sufficiency the underlying material then the superstructure, otherwise 
safe, could disintegrate with disastrous results. 

While weakness the natural formation under both the eastern and western 
parts the dam was ‘have caused failure the structure, the 
great loss life and damage property resulted from the characteristic 
deportment the plain concrete forming the superstructure. When partly 
undermined, cracked into fragments that toppled one over the other, thus 
permitting huge wall water, perhaps 100 ft. high, rush down the valley, 
spreading death and destruction its path. 

During the last decade those engaged building and bridge construction 
have learned, experience, the superior toughness and dependability rein- 
forced concrete over plain concrete. They find that, with one-fifth the mass, 
greater strength can secured, with dependability largely independent 
cracking checking the concrete when resisting flexure combined bend- 
ing and twisting. 


Transactions, Am. Soc. E., Vol. (1927), 275. 
Loc. cit., 276. 

Cons. Engr., Minneapolis, Minn. 
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Some years ago the writer designed warehouse having roof slab over 


the elevator shaft, ft. square and nearly in. thick, reinforced with small 
rods both directions. The contractors the sprinkler system built steel 
frame carrying 50-ton water tank about ft. above the slab. The tower 
ample strength for vertical load, plus 50-lb. horizontal wind pressure, was 
deficient under upwardly inclined wind force less than col- 
lapsed and dropped tons water and tank the concrete roof slab. The 
slab was cracked through, bulged down in. under the point impact, and 
two the small rods each way were stretched the breaking point. 
theless, the cracked slab carried its excess load, and the water slopped over 
the side the building, demolished section the canopy over the loading 
platform, and knocked the ends out couple box cars the adjoin- 
ing track. 

For safety, dam should have the same toughness this roof 
slab. undermined, cracked, and buckled out shape, the cracked segments 


should hold together; they should carry the hydraulic pressure and prevent, 


remaining intact, the sudden emtying the dam, and devastation and loss 
life, such occurred the case the St. Francis structure. 

The slab question proved its capacity absorb thousand times its 
elastic. work deformation kinetic energy impact; and yet, although 
slightly disfigured and cracked through under the point impact, was still 
capable carrying three times its design load without further damage 
injury. This resistance arises from the fact that with multiple-way reinforce- 
ment twisting resistance dished-slab areas reduced only small amount 
cracking the concrete from bottom top multiple directions. 
long the broken fragments held place the steel are squeezed together 
the compression zone the plate that rotation about the vertical cannot 
occur, the twisting resistance flexure remains operative with nearly the full 
force and effect that subsists before cracking sharpness curvature under 
flexure takes place. 

Because building code authors, textbook writers, and university doctors 
are, general, unfamiliar with the mechanics torsional strength plates 
flexure this kind resistance has been erroneously credited the tensile 
strength concrete after has broken tension.* 

secure the safety and resilience the roof slab dam construction 
the slab should inclined angle 40° the horizontal that the 
hydrostatic pressure tends hold the dam down instead tipping over 
the case vertical up-stream faces the gravity type. The slab should 
supported inclined columns distributing the weight concrete and 
water over greater area the soft rock bottom that the bearing pressure 
reduced safe amount, not more than one-third that involved massive 
gravity structure. 

The average shearing resistance trap granite, limestone, and sandstone 
about one-fifth the compressive resistance the rock, and with laminated 
mica schist the ratio probably not more than one-third favorable. 
cordingly, artificial faulting the soft underlying rock was very likely caused 


Transactions, Am. Soc. E., Vol. LXXXII (1918), 1560. 
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the excessive concrete weight the St. Francis structure permitting the 
infiltration water the base the dam. Softening and crushing the 
schist under over-load would naturally follow and would accompanied 
the flow saturated and powdered material comparable the action 
quicksand under pressure. 

The apparent safety the massive gravity type concrete dam proved 
misleading the case the great dam Austin, Tex., which was founded 
upon apparently hard limestone formation and was carefully designed. 
Fairness the eminent designers these and like structures should cause 
others question whether like position following traditional practice they 
would have afforded any surer protection the public. there reason- 
able doubt, its existence constitutes indictment present practice and 
accentuates the necessity for rational safeguard improved methods design 
and construction. 

The fact that safety against devastation flood through faults the 
natural formation under high dams attainable half the construction cost 
the massive imitation safety embodied many gravity structures should 
add commercial incentive the demand for better and safer work. 

Compare, for example, the 6-ft. thickness reinforced concrete plate 
ample for 200-ft. head the base, with the 170-ft. thickness the dam 
that failed; or, again, compare liberal thickness the top, ft., with the 
16-ft. thickness the collapsed structure. Against this favorable comparison 
there debited the one and one-half times greater inclined height 
the slab, the high grade concrete required, and the additional cost rein- 
columns, and footings. 

conclusion, the documents from which this report condensed are open 
the constructive criticism that their substance that pusillanimous 
complaint that Nature did not make the site suitable and adaptable gravity 
type structure. They should have pointed out the obvious fact that the in- 
genuity the designer directed along conventional lines, did not produce 
structure adapted that particular location. Protection property from 
the floods common that district required safe dam near that location 
which would catch and impound sudden heavy fall rain. The problem 
protecting the community treat foundation that character and 
build that the structure can operate safely even though there may have 
been some oversight properly cutting off the ground-water beneath the 
structure. this efficiently, the writer views it, requires only the simple 
expedient injecting into the underlying material neat-cement grout 
pressure one and one-half two times that the hydraulic pressure which 
will brought upon the underlying material later when the dam filled. 
Under such pressure, with the drill holes spaced not too far apart, this cement- 
ing material will find its way into every pore and crevice that could impreg- 
nated pure water. The operation simple and easily performed. not 
difficult that requires scholarship and mathematical attainment achieve. 
What the designer dam construction should aim true safety under all 
conditions. semblance safety mass concrete and the impressive appear- 
ance its bulk too often delusion and menace. This conclusively 


a 


JORGENSON FAILURE ST. FRANCIS DAM 


shown the unfortunate failures the dams Austin, Tex., St. Franciscito, 


Calif., Johnstown, Pa., and many others, demonstrating the substantiality 
the criticism. 


Lars Am. Soc. (by practically all the 
various reports stress laid upon the existence poor foundation under 
the St. Francis Dam, and this fact given the dominating cause the 
failure. 

The disaster undoubtedly proved that dam having dimensions like the 
upper part the St. Francis Dam should not have been built this kind 
foundation. was practically also proved that dam more ample cross- 
section was safe since the middle and heavier part was still standing after 
the sides, having the slim sections, went out. 

The Commission appointed the Governor that “there nothing 
the failure the St. Francis Dam indicate that the accepted theory 
gravity dam design error.” this statement can construed mean 
that dam having base width 664% the height—like the sides the 
St. Francis Dam—comes under the accepted theory gravity dams, the 
writer feels that statement should not unchallenged. 

The design gravity dam not such simple matter may seem 
be. The name, “gravity dam,” often being applied any structure hav- 
ing more less triangular cross-section, where the base width varies all 
the way from 664% nearly 100% the height. 

With weight concrete 150 per cu. ft., and cross-section having 
base width 664%, such dam only under the most ideal conditions would 
gravity dam, with factor safety few per cent. more than built 
straight plan. arched plan, the factor safety can expected 
increased the summer and decreased during the late winter months. 

Some gravity dams have been built recently with base width 663% 
the height. Fortunately, they have been built good rock. gravity dams, 
they hardly have factor safety more than and how much more they 
actually possess depends upon how much tension the concrete the up-stream 
face will stand. The weakest point very likely will the junction between 
the rock and the concrete. 

Under conditions, ideal uplift, pressure, gravity dam that 
triangular section with base width 664% the height, may have factor 
safety slightly more than when built U-shaped canyon site 
with flat side slopes. such dam built V-shaped canyon, with steep 
sides, however, the factor safety will not uniformly along the profile. 

will less for the part the dam higher the slope. 

The writer not aware that this important fact has ever been considered 
seriously gravity dam design. is, however, very simple understand 
that must so. the deflection the dam down-stream direction, 
due the water load, investigated various places the side slopes and 
the middle where the dam highest, becomes apparent. 


Engr., Constant Angle Arch Dam Co., San Francisco, Calif. 
Received the Secretary, November 18, 1929. 
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Using the deflection formula proposed* Fred Noetzli, Am. Soe. 
E., for cantilever with load increasing uniformly from zero the top 
maximum the bottom and applying this section ft. wide with parallel 
ler sides: for 100-ft. section 0.0049 ft.; and for 205-ft. 
section, Ymax. 0.0128 ft. The deflection the crest for the high part the 
dam 2.6 times greater than that for the 100-ft. cantilever the hillside, 
approximately 100 ft. away horizontally. certain that the vertical shear 
and the horizontal beam action between the two points various deflections 


will tend iron out this variation transferring the load from the high sec- 
tions the middle the lower sections the hillside. 

the St. Francis Dam had base width 663 ft. where was 100 ft. 
high, only had factor safety little more than this elevation 
under the most ideal conditions, and when additional load was transferred from 
the middle the sides, the water rose, the sides failed because the total load 
introduced tension the up-stream face, which could not taken care 
the foundation. The foundation had considerable compressive strength, since 
had supported the dam with reservoir empty, but evidently tensile 
strength; undoubtedly uplift developed and helped slide turn over the 
two wings. 

The fact that the sides were loaded with more than the water load directly 
upon them was sufficient reason for their failure since the factor safety 
the section was theoreticallly only slightly more than without this additional 
loading. Had the rock been good there reason doubt that the dam 
would still place, not plain gravity dam arch dam, but 
cantilever bending, and inasmuch the factor safety such structure 
uncertain, gravity dam with base width 664% the height should 
not used when presumably stand its weight. 

The St. Francis Dam was curved plan and the contours the 
lend themselves very well this plan far that the abutments were prac- 
tically radial direction; but unless such dam provided with vertical 
contraction joints which are grouted later, the proper time, the dam made 
weaker arching during the period maximum contraction the late 
winter. 

Grouting the vertical contraction joints not cure for all ills and the 
maximum beneficial effect from can only procured grouting the 
proper time which not immediately after the completion the dam. Unfor- 
tunately, much grouting vertical contraction joints being after 
completion because this either the most convenient time because, the 
structure diversion dam which the load will never taken off after 
once applied. 

The St. Francis Dam failed March 12, 1928, and believed that this 
about the time the dam body would possess minimum temperature and, 
therefore, would weaker than straight dam the same cross-section. The 
section the dam the middle had base width about 82% the height 
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and the sides had had the same width most likely the dam would still 
standing. For dams moderate heights heavier section needed much 
more the steep hillside than the middle and this fact the civil engineer 
does not seem give all the consideration deserves. 

costs more build poor foundation than good one, since 
poor foundation requires much heavier section make safe structure. 
The resultant all forces should not cut the base just inside the middle third 
any case, and dam supported poor foundation the resultant 
all forces should cut the base much closer the middle. 

There equivalent substitute for weight gravity dam. Cut-off 
walls and drainage help make the dam safer, but the section cut much 
below that triangle having base width 75% the height not 
gravity section under all conditions possible, having factor safety, posi- 
tively, more than acting gravity dam. More than that not neces- 
sary, but poor foundation will require base width more nearly 90% 
the height before assurance can had that the dam will stand under any 
condition. The St. Francis Dam failure seems prove this since the middle 
section stood the severe punishment which must undoubtedly have been 
subjected. 

becomes necessary times build dams poor foundations and just 
because fault runs through dam site not sufficient cause for abandoning 
project the fault dead. Many rivers were made digging themselves 
into fault lines, because that was the softest place they could find, and many 
dams are built across such rivers. 

Especially poor foundations, the excavation ought sufficient 
depth leave shoulder down-stream direction. This will bring the 
shearing strength the concrete into play, which much better factor 
which depend than friction. 

good foundations, stepping, make the down-stream end the 
steps higher than the up-stream end, will also put shearing into play the 
principal factor preventing movement the dam down-stream direction. 

The St. Francis Dam may have failed due number causes, but the 
fact that the part the structure located the side hill had factor 
safety less than acting gravity dam, sufficient reason alone for 
the failure this part. 

There has been quite dispute which side failed first. the two 
sides were equally weak there very little doubt but that they failed the 
same time and when the rising water level had introduced tension the 
up-stream face. 

The St. Francis Dam disaster should teach the Engineering Profession 
that base width 663% the height not sufficient for dam depending 
for its stability upon gravity action, but that width more nearly 75% 
should considered minimum for safe design good foundations. 
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ADJUSTMENT TRANSIT AND STADIA TRAVERSES 


Discussion* 


Assoc. Am. Soc. (by letter).{—The writer 
agrees with Mr. Rappleye that desirable place the corrections for transit 
and stadia traverses the lengths only; but would add few words the 
way caution lest one overlook some the field conditions that have 


important effect the results. 


the first place the example chosen seems the very upper limit 
accuracy error closure. Probably such accuracy would not obtainable 
ordinary methods with many the transits common use. rule the 
probable variation either way from the chosen reading much more than ft. 

Moreover, this variation sort systematic error which seems depend 
upon the individual. has been found many kinds instrument work that 
observer tends “under-read” “over-read”, each observation. 
rarely alternates. This seems true stadia readings. The discrepancy 
will vary, approximately, with the distance because, the length sight 
increases, the intervals between the larger divisions would bear the same 
apparent relationships one another did the more minute divisions the 
shorter distances. would wise, then, for engineer who proposes make 
important stadia traverse test his readings various measured distances. 

assumed, course, that the stadia interval known accurately. Many 
transits are functioning with home-made cross-hairs and the interval may 
may not the conventional “100”, which commonly used. 

Atmospheric conditions have important effect stadia readings. 
long sights the line sight must pass near the ground where the refraction 


This discussion (of the paper Howard Rappleye, Assoc. Am. Soc. E., 
published November, 1929, Proceedings, but not presented any meeting the Society) 


printed Proceedings order that the views expressed may brought before all 
members for further discussion. 


Asst. Prof., Civ. Eng., Iowa State Coll., Ames, Iowa. 
Received the Secretary, November 20, 1929. 
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uncertain and the readings correspondingly unreliable. the same way line 
over plowed field hot day would affected differently from line over 
pasture, over body water. 

All the foregoing factors have important bearing any adjustment. 
fact, their effect should reckoned and applied before adjustment 
attempted. Unhappily, some these factors are not always known with 
accuracy. the latter cases one should cautious about placing too much 
faith rigorous method adjustment, such the author has set forth 
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Discussion* 


40000 population, Southern Arizona, approximately seventy miles from the 
Mexican line. has been actively and definitely “air-minded” for some time, 
the following facts furnished the speaker the Secretary the Tucson 
Chamber Commerce, will abundantly testify. 

The first municipal aviation field Arizona, not the United States, 
was established Tucson, and began operate such 1917. had 
area acres and cost about miles directly south the city 
site selected Eric Nelson, one the world-famous fliers. About 
1922, the Chamber Commerce, co-operation with the City, erected 
hangar and building for quarters for the employees who were furnished 
the Army Air Service, and lease was made the City the Air 
Service for the operation the field. 

This original airport Tucson still owned the City and leased 
commercial aviation company, which offering the public aviation 
training well taxi service. This provision meets the requirements 
Mr. Baker, who that such features should not permitted the 
more official airport the city. 

1925, however, the Chamber Commerce took much more important 
action and was able secure the passage bill Congress, setting aside 
two full townships (1280 acres) only little more than miles from the 
center the city. This land has been leased the City Tucson for twenty 
years, with option renew the lease for another twenty years, for the 
exclusive purpose developing aviation. will seen that the important 
provision permanency stressed the author, assured. 


This discussion (of the paper Donald Baker, Am. Soc. E., presented 
the meeting the City Planning Division, San Diego, Calif., October 1928, and 
November, 1929, Proceedings), printed Proceedings order that the 
views expressed may brought before all members for further discussion. 

Landscape Archt.; Consultant City Planning, San Francisco, Calif. 
Proceedings, Am. Soc. E., November, 1929, Papers and Discussions, 2307. 
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The tract very nearly level, having gentle downward slope from east 
west only about per cent. There obstructing vegetation, ledge 
boulders removed, important gullies filled up. There merely 
the customary desert growth mesquite and cactus. The topographical con- 
ditions, therefore, are nearly perfect. 

this large area 240 acres have now been quite fully developed the 
City Tucson and the Army Air Service, total cost about 
minimum figure. hangar has been erected, attendants’ quarters have been 
constructed, pumping plant for water supply has been installed, and 
ernment Radio Meteorological Station has been set and fully equipped. 
means subscription, aided the City Government, sufficient funds 
install beacon light and flood lighting equipment have been raised. 
The Army Air Service keeps sergeant and one private stationed the port 
service all Army planes. large gas storage equipment has been installed 
the Government, and private oil companies have set storage tanks 
the field for commercial planes. The equipment is, therefore, practically 
perfect for port this size, and there ample opportunity for its extension. 
The airport used jointly Government and commercial planes, under the 
direction the Army Air Service and the supervision the City itself. 
Legislative control emphasized* Mr. Baker, therefore, well provided. 

accessibility will noted that the Tucson Airport only about 
five miles from the heart the city over existing rectangularly arranged roads, 
which are well paved. should emphasized, however, that the main line 
the Southern Pacific Railroad crosses this airport its southwest corner; 
that there now flag station stop this point, which can readily made 
more important when the need arises. There doubt that there will 
constructed the near future diagonal avenue parallel the existing rail- 
road tracks, shortening the distance from town least mile. 

One the well-known aviation transportation companies operates 
passenger service between this port and Los Angeles, Calif., three times week, 
stop being made Phoenix, Ariz., route. Connections have been estab- 
lished that possible now leave Tucson 8:00 M., arriving Los 
Angeles about 1:00 and connecting with the airplane service operating 
between Los Angeles and San Francisco arrive there the early 
evening. 

Leases for hangar space are arranged with the City and the airport now 
well known and completely equipped that has double “A” rating, and 
considered one the best inland airports the country. Between January 
and October 1928, the registration the airport shows more than 900 
airplanes using its facilities, and during the month September, 1928, 275 
were registered. The City Tucson has appropriated for the fiscal year 
1928-29, funds for the construction building used waiting-room, 
ticket office, and lunch room. 

The author has suggested* means comparing different sites, and the 
speaker has thought interesting develop the rules given, shown 
Table 


Proceedings, Am. Soc. E., November, 1929, Papers and Discussions, 2314. 
Loc. cit., 2315. 
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) 


Factor. Percentage. Rating. 

(d) Location with respect community served ....... 950 
(q) Legislative 100 500 


General desirability from all standpoints.......... 


fogs; sun shines average 358 days the year. 


other words, the field 96.2% ideal, which very high rating. 
will interesting determine the ratings other airports this means 
comparison. The speaker hopes that Mr. Baker will submit such comparisons, 
but seems clear that for comparatively small community than 000, 
the facts indicate very creditable state affairs for Tucson aviation 
and airports. 


Morris Am. Soc. E.—It well emphasize the fact that 
airport location, like other new municipal problems, simply one city 
planning, and such should solved. inconceivable consider 
airport wisely located, the selection site the fundamental prin- 
ciples good community planning have been violated. This has been stressed 
Mr. definition has been givent that: 

“An airport locality, either water land, adapted for the landing 
taking off aircraft, and which provides facilities for shelter, supplies, and 
repair aircraft; place used regularly for the receiving discharging 
passengers cargo air.” 

Safety and convenience, the provisions for the landing taking off 
planes, are matters first importance. However, aside from possible emer- 
gency fields, which may for this purpose only, airport assumes objec- 
tive for traveling planes other than that landing; reverse the situation, 
plane the ordinary course events must have some object being 
certain location other than the mere fact desiring leave there. short, 
this reduces the statement, way emphasis, that while present air 
transportation may considered more less its infancy, its real importance 
public carrier certainly will increase and, with it, the necessity locating 
the airport with respect traffic-handling facilities and other similar features. 

Mr. Baker has stressed ten requiring consideration determin- 
ing ratings for locations offered sites for airports. reference five 
these, states that little consideration should given site which does 
not measure 90% the standards given for them the tables. 

Pres, and Chf. Engr., Morris Knowles, Inc., Pittsburgh, Pa. 


Proceedings, Am. Soc. E., November, 1929, Papers and Discussions, 2309. 
Bulletin No. 40, Dept. Commerce. 
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Although does not say so, may assumed that considers others 
less importance. This suggests the possible elimination such minor items 
Factors (g)* and (j)* the rating and the substitution others more 
importance. For example, there are two such items discussed under the head- 
ing “Topography” (Factor Those open spaces for emergency 
landing fields aad landmarks for identification. 

The selection site for the Pittsburgh (Pa.) Airport, Committee 
the Chamber Commerce, made use rating schedule, developed after 
approximately two hundred sites had been listed for consideration. Many 
these had been suggested the public through questionnaire which was 
sent out for the purpose. This, order confine suggestions within reason- 
able limits, was made attract attention the salient factors which 
would considered the choice. 

The study this large list possibilities was simplified the prepara- 
tion charts which enumerated, comparative basis, the desirable and 
undesirable features each site. This naturally eliminated many because 
some outstanding objection obstacle. The rating schedule was then devel- 
oped and applied the more desirable sites after they had been inspected 
from the ground and air. Thus, the study progressed, eliminations in- 
creased, until only few sites remained for consideration. 

Such rating table suggested aid the final analysis, gives the 
weights the various factors considered important under the particular 


Weight. 
(1) Size, physical features, and freedom from obstructions.. 
(2) Distance from business district and City Post-Office.... 
(3) Accessibility various transportation methods........ 


(4) Possible emergency fields existing near-by............. 
(5) Railroad connections, with sites for 
(6) Freedom from wind, fog, and 


(7) Property and cost converting (quite approximate)... 
(8) Seaplane facilities 
(9) Distinguishing landmarks for visiting pilots........... 
(10) Water supply and fire-fighting facilities 


While such ratings form important basis for selection, many general 
factors will still remain evaluated, and the final should 
depend the experience and judgment those who are attempting make 
the selection. 

discussing the development airports important realize that 
the problems differ coast and inland cities, not only because topography, 
but because location. For example, Mr. Baker the desirability 
locating the field the side the city from which the aircraft will 
approach. This not important for most inland locations, the approach 
may from any direction and, probably, the majority instances, unless 
detours are made, will necessary fly over the city either approaching 
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leaving the field. the same time possible that where the routes are 
right angles—east and west and north and south—a location adjacent 
the city one the intermediate points the compass would make pos- 
sible avoid flying over the built-up territory. 

Mr. Baker refers* the undue weight which often given the neces- 
sity airport close the business center. This undoubtedly 
true. However, not only the element time important, but the cost 
additional transportation well. Studies some places have emphasized 
the fact that the cost the additional hauling for mail, express, and pas- 
sengers, over distance miles compared miles, may approach 
the amount interest the additional money which would needed 
purchase and develop field near the center the city. Commercial aviation 
perhaps has not yet reached the point, this country least, which would 
economically justify the clearing built-up area the city for airport. 
Nevertheless, such conditions may anticipated with the perfection 
helicopters, just has been found necessary the past the rebuilding 
relocation railroad terminals. 

The City Pittsburgh has some unusual problems the development 
an. airport—because topography and the difficulties making field rela- 
tively level—but when these have been solved will have some peculiar advan- 
tages because the field will high the air and will overlook most the 
surrounding country. This elevation important regard the question 
fog and smoke; also makes possible provide sufficient graded land, 
adjacent the field, that the parking automobiles and the erection 
shops and convenience buildings can take place without infringement the 
clearance adjacent the field. other words, because the resultant lower 
elevation for such purposes, there necessity for removing structures, 
for parking cars, seven times their height horizontally from the field; or, 
alternative, decreasing the effective area the available space this 
amount. 

Referring the requirements ample land area for future growth, 
notable that mention made that for the parking automobiles. This 
important necessity and there should ample provision four sides 
the field, that times great public demonstration cars may enter 
and leave the parking area without interference with other traffic. well 
emphasize this need provision for ample area, least for later expansion, 
required. The probabilities are favor additional land being needed 
for industries associated with air transportation, and for similar purposes. 
Aside from every other consideration, there one convinciong thought which 
gives assurance the probability providing too large area view 
anticipated improvements airplane design. the history cities 
the United States there have been few, any, instances where too large 
area has been set aside for public use. 

One more item which seems desirable call attention that the 
provisions for seaplanes. While this important matter for sea-coast 
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towns, and those along the Great Lakes, does not give the impression being 
important for inland cities, even though they may have good river harbor. 
The infrequency such travel (due the fact that most inland cities must 
utilize other forms airships and that the interference bridges likely 


troublesome) does not suggest that much weight need given this 
element. 
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HIGH DAMS 
SYMPOSIUM 


Discussion* 


interesting paper Mr. Wiley,§ three points were noted with which the writer 
cannot agree. These may summed follows: 

gravity dam designed straight dam with the result- 
ant line pressure the third point, then the same section 
built arched gravity dam will show tension. 

Second.—Arch action always present arched gravity dam. 

water, under pressure, the voids. 

The writer believes that the first and third these points are contrary 
fact and that the second point the word, “always”, should replaced 
the words, “not often.” 

matter experienge, the writer recalls existing gravity dam, for 
which the first designs were those for straight dam. The contours the 
river bottom made desirable arch the dam plan order utilize the 
best abuiment sites and, the same time, avoid deep hole the river bed. 
With the same section, computations showed that the section reduced 
convergence the radii, tension would present for some appreciable dis- 
tance from the up-stream face. This design assumed full uplift pressure 
the whole area all elevations and with maximum intensity equal the 
full hydrostatic head. The section, therefore, was increased, and reliance 
was placed upon possible arch action. 


This discussion (of the Symposium High Dams presented the Joint Meeting the 
Construction and Irrigation Divisions, San Diego, Calif., October 1928, and published 
November, 1929, Proceedings), printed Proceedings order that the views expressed 
may brought before all members for further consideration. 

Cons. Engr. and Prof. Hydr. Eng. School Mech. Eng., Coll. Eng., Cornell Univ., 
Ithaca, 

Received the Secretary, November 21, 1929. 
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order examine somewhat more closely into the problem, the writer has 
the simple triangular section gravity dam, shown Fig. 
The reduction section due convergence the radii has been expressed 
fraction, which the ratio the base length the dam, the 
radius curvature the up-stream face, the section has length 
across the up-stream face ft., the toe the section has then length across 


6.—TRIANGULAR SECTION GRAVITY DAM. 


the river ft. order simplify the work, the water level was taken 
the top the section, and uplift pressures were assumed. The base 
length was determined from the consideration that the resultant pressure with 


straight dam, should intersect the base the down-stream third 
point. Thus, 


which, the weight water per cubic foot, and the weight the 
concrete per cubic foot. Computations were then made determine the stress 
intensities the up-stream face the dam for any value and, hence, for 
any radius curvature. Without going into the details the mechanics and 
algebra, the stress intensity, the up-stream face, when considered 
vertical cantilever, can found from Equation (2): 
phk (6k? 22k 21) 

The negative sign stress which tensile for any degree con- 
vergence expressed through values between zero and Let 150 


and 100; then Equation (2) may solved for introducing succes- 
sive values follows: 


pounds 
per square foot. 
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for the presence arch action, the writer has estimated the deflection 
the section shown Fig. when considered vertical cantilever 
unyielding foundations. for concrete, 3000000 lb. per sq. in., 
150 per cu. ft., and 100 ft.; then, the top the section deflects 
down stream about 0.032 in. With such small deflection the convergence 
the radii would not close any contraction joints such are used ordi- 
narily between blocks the dam, and, therefore, arch action can develop. 
Arch action can expected only when the contraction joints between blocks 
are carefully grouted time low temperature when the arch has 
comparatively short radius curvature. Since these conditions are not often 
found, may said that arch action curved gravity dam cannot 
expected. 

Finally, the writer would disagree with Mr. Wiley’s reasoning which leads 
him conclude* that “there uplift the body homogeneous mass 
concrete”. section the dam above any given elevation removed, 
order represent “free body”, according the usual methods 
the plane separation will cross voids well solid material. 
the voids contained water under pressure, the severance the structure 
requires that pressures equal the water pressure exerted upward where 
these voids existed. This the uplift pressure. The opposite and downward 
pressures are exerted upon the section the structure below the line separa- 
tion and not the upper section. the voids contain water under pressure, 
then theré will uplift forces tending create tensile stresses the solid 
surrounding the voids and thus the section severance. Mr. Wiley’s 
the seepage water from the body the St. Francis Dam 
for weeks after the failure must considered further conclusive evidence 
that water under pressure does permeate the voids concrete dams. 


Proceedings, Am. Soc. E., November, 1929, Papers and Discussions, 2323. 
Loc. cit., 2322. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


WILLIAM AUSTIN BASSETT, Am. Soc. E.* 


Diep May 16, 1929. 


William Austin Bassett was born September 29, 1876, Roxbury, 
Mass. His New England ancestry dates back 1621. His father was Isaac 
Austin Bassett and his mother, Annie (Tuson) Bassett. 

Mr. Bassett attended the Lawrence Scientific School Harvard Uni- 

versity, from which was graduated 1901, with the degree Civil Engi- 
From August, 1901, October, 1904, was with the Pittsburgh 
Division the Pennsylvania Railroad Company, the Altoona, Pa., Office, 
charge construction two main-line bridges, double-tracking the South- 
west Branch, and miscellaneous yard and terminal work. From October, 
1904, June, 1906, was with the Pittsburgh, Pa., Bureau Filtration, 
engaged the construction filtration plant, filtration galleries, and 
settling basins reinforced concrete design. June, 1906, was appointed 
Assistant Professor Civil Engineering Carnegie Technical School, 
Pittsburgh, and also was engaged special work for the Department 
Water Supply the City Pittsburgh. 

From June November, 1909, Professor Bassett was with the New York 
City Board Water Supply Assistant Engineer the the construction 
the Rondout Tunnel High Falls, Y., and from November, 1909, 
November, 1910, was Designing Engineer charge the drafting-room 
the Cambridge Office the Boston Elevated Railroad Company, engaged 
the construction the Cambridge-Boston Subway. From November, 1910, 
November, 1911, was Engineer charge construction, costs, and 
cost investigations, the Donora, Pa., Steel Works, the American Steel 
and Wire Company. From November, 1911, April, 1913, served 
Associate Editor The Engineering Record. 

From April, 1918 December, 1926, Professor Bassett was Chief the 
Engineering and Public Works the New York Bureau 
Municipal Research and National Institute Public Administration, engaged 
miscellaneous professional and consultant service municipalities, coun- 
ties, and States the United States and Canada. December 1926, 
joined the Faculty the Massachusetts Institute Technology organize 
Division Municipal and Industrial Research, which was Director 
until his death. Some the accomplishments under his direction were 
comprehensive survey industrial conditions and possibilities and about 
Providence, I., industrial survey Bangor, Me., and civic surveys 

Meriden, Conn., and Norwood, Mass. 

served the Hoover Committee for the Simplification Building 
Codes and Practices, and the Advisory Board for Highway Research the 


Memoir prepared William Brush, Am. Soc. 
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National Research Council. was Trustee the Village Scarsdale, 
Y., from 1922 1926, and Supervisor Westchester County, New York, 
from 1923 1926. was the author “Problems Road Administration”, 
published 1917, and contributed the technical press engineering mat- 
ters related municipal and State problems. 

Professor Bassett was intensely interested establishing higher and more 
efficient standards carrying municipal and other Governmental activities, 
and devoted great deal his time this phase engineering work. His 
criticisms were always constructive and the methods adopted, together 
with his pleasant personality, added greatly securing the co-operation 
those with whom came contact. His death comparatively early age 
distinct loss the community. 

was member the Harvard Society Engineers, the American 
Society for Municipal Improvements, and the Harvard Club. 

His widow, Grace Loring Bassett, whom was married March 30, 
1908, and son, John Austin Bassett, now Senior Harvard University, 
survive him. 


Professor Bassett was elected Member the American Society Civil 
Engineers August 1920. 


FREDERIC LESLIE DUDLEY, Am. Soe. E.* 


26, 1929. 


Frederic Leslie Dudley was born Templeton, Mass., August 16, 1858. 
attended the public schools Templeton and studied Civil Engineering 
the Worcester Polytechnic Institute, Worcester, Mass., from which 
was graduated 1879. 

After leaving the Institute, Mr. Dudley spent more than year Drafts- 


man with Edward Adams, Landscape Architect and Civil Engineer, 
Boston, Mass. 


This was the period railroad expansion the West and 
ary, 1881, Mr. Dudley went Kansas, where was engaged railroad 
construction for number years, first with the Engineering Corps the 
Atchison, Topeka, and Santa Railroad Company, and the St. Louis, Iron 
Mountain, and Southern Railway Company; and, later, Division 
the Burlington and Missouri River Railroad Company construction work 
Nebraska and Colorado. 

1888, Mr. Dudley returned the East and entered the employ the 
Edge Moor (Del.) Bridge Company. this new line work started 
Draftsman, then became Checker, and, two years, was charge design 
Squad Leader. supervised the detailing all classes structures; 
bridges, however, became his chosen specialty. this time began his work 
swing bridges which later developed into all classes movable bridges, 
which field became well known. contributed much valuable information 
permanent nature this branch the Engineering Profession. 
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1901, the Edge Moor Bridge Company became part the American 
Company Bridge and January, 1904, Mr. Dudley was transferred the new 


Ambridge, Pa., Plant this Company, charge the detailing movable 


bridges. 1905, became Engineer the Drawing Room for Railroad 
Bridges, including the design machinery for movable bridges. For number 


years previous his death his work also included the development self- 


contained, power-driven railroad turn-tables and machinery for special movable 
structures, such transfer-tables, ore and coal-handling bridges, ete. Until his 


retirement January 1929, just three months before his death, con- 


tinued charge this special work the Ambridge Plant and Consultant 
the design machinery for many movable structures. 


During his twenty-five years the Ambridge Plant, Mr. Dudley supervised 
the detailing more than one hundred movable bridges all types, includ- 


ing many the larger swing and lift bridges, built the American Bridge 


Company, the United States. While charge the Drawing-Room for 
Railroad Bridges supervised the detailing many large structures, among 
which were the Mobile River Bridge, for the Louisville and Nashville Railroad 
Company (330-ft. draw span) the Hackensack River Bridge, for the Delaware, 
Lackawanna, and Western Railroad Company three-track, 198-ft. vertical 
lift bridge Jersey City, J.); the Tombigbee River Bridge, for the 
Southern Railroad Company (184-ft. vertical lift span); the Rigolets Bridge, 
for the Louisville and Nashville Railroad Company (414-ft. draw span); the 
coal-handling bridge for the Carnegie Steel Company, Clairton, Pa. 
double trolley, 400 ft. between shear leg and tower, 630 ft. over all, including 
the mechanical and electrical equipment). 

The fixed long-span bridges which Mr. Dudley was engaged, included 
bridge for the Kentucky and Indiana Terminal Railroad Company, Louisville, 
Ky. (two 615-ft. spans and one 400-ft. draw-span erected cantilevers from 
adjoining spans, respectively, 275 and 373 ft.); the Ohio Connecting Railway 
Bridge, for the Pennsylvania Railroad Company, over the Ohio River, 
Pittsburgh, Pa. (spans, 416 and 525 ft., respectively, each half the latter 
erected cantilever using one-half the former erected temporarily 
each end anchor arm); the suspension bridge over the Ohio River between 
Parkersburg, Va., and Belpre, Ohio (three spans, 775, 375, and 275 ft., and 
the arch span for Hell Gate Bridge (six tracks) over 
the East River from Long Island Ward’s Island, Y., for the New York 
Connecting Railroad Company; and the single-track cantilever bridge over the 
Ohio River Steubenville, Ohio (660-ft. channel span and 230-ft. anchor 
arms). Many these bridges involved very special and difficult erection 
features, the details which had developed connection with the steel 

While Mr. Dudley never entered the field author technical books, 
contributed valuable information technical students, draftsmen, and engi- 
the form set blue-print notes (54 pages) entitled, “Notes 
Engineering Bridge Details.” This pamphlet was widely distributed college 
students and instructors structural courses and employees the struc- 
tural drawing-rooms all over the United States and Canada. 
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the course his practice, Mr. Dudley acquired large amount 
valuable information relating the designing and detailing machinery 
movable bridges. This information, together with some added material, 
developed, through committee the American Bridge Company, composed 


E., into set notes entitled, “Notes Designing Machinery 


Movable Bridges.” These notes laid the foundation for enlarged copy 
nearly 200 pages developed under the supervision Hovey, Am. Soc. 
E., Assistant Chief Engineer the American Bridge Company. his 


valuable two-volume work “Movable Bridges,” Mr. Hovey acknowledges the 


assistance and co-operation given Mr. Dudley its preparation. 

the death Mr. Dudley, the Engineering Profession lost one the 
most versatile men the practical design and detail movable bridges, inas- 
much the last thirty years his life were intimately associated with the 
development this class structures, from the early types the simple 
hand-operated swing bridge the largest and most varied types power- 
operated swing, bascule, and rolling bridges. was also well versed the 
detailing and designing types steel structures and had exceptionally 
keen insight into the fundamentals engineering. 


acknowledging the worth member the Society and the profession, 


one should not overlook his value the community. Sterling character, 
Mr. Dudley was gentle and kindly disposition. was devoted husband 
and father and survived his widow, Clara Garvey Dudley, and daughter, 
Ruth Dudley Daniells. 

Mr. Dudley took active part the community life and much 
time the advancement things worth while. was delightful com- 
panion, and much loved his fellow citizens and co-workers. 

Mr. Dudley was elected Member the American Society Civil Engi- 
neers October 10, 1916. 


JAMES EDWARD FULTON, Am. Soe. E.* 


1928. 


James Edward Fulton, the son the late Hon. James Fulton, who repre- 
sented the Taieri, New Zealand, Constituency the House Representatives 
many years prior his elevation the Legislative Council, was born West 
Taieri, Otago, New Zealand, December 11, 1854. His preliminary training 
was received the District School West Taieri which, together with inter- 
vals spent under private tutelage, completed his education. 

When Mr. Fulton was still very young man, showed special aptitude 
for engineering and the early Seventies had sole charge the machinery 
large flax mill for period nine months. 

January, 1874, was articled Mr. John Carruthers, Wellington, 
who was then the New Zealand Government Engineer-in-Chief the Colony 
charge railways. After Mr. Fulton had served for four years 


Memoir prepared Crompton-Smith, Wellington, New 


Memoirs, 


passe 


required 


was 
ment, 
and 
miles 
tion and 

engage 
the 
made 
that 
city 
and est 

and 
Higgin 


water 
was 
his 
his 
Wellin 
his offi 
simple 
with 
that 
the 
again 
ing 
also 
Gover 
Comy 
failir 
wide 
land, 


4 
. 


Memoirs, 


ount 


passed the Junior and Senior Civil Service examinations, and also one 


ery for 


January, MEMOIR JAMES EDWARD FULTON 191 


required for the diploma New Zealand Authorized and Licensed Surveyor. 


was then appointed Assistant Engineer the Public Works Depart- 


ment, principal charge some railway location through heavily forested 


copy 
tion and survey miles additional railways. 
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and rough country. also served First Assistant the construction 
miles railways, permanent way, and bridges, and had charge the loca- 


November, 1880, resigned his position the Government service 


engage private practice, but before doing was sent the Department 


the Bay Islands, where took soundings the Harbor Auckland and 
made re-survey part the railway reserve lands there. During the period 
that Mr. Fulton was private practice went Hawkes Bay make some 
city re-surveys and, 1882, Auckland where made survey 
and estimate the cost the proposed line the Kaihu Valley Railway 
Company. 

From August, 1882, 1897, Mr. Fulton was connected with the Wellington 
and Manawatu Railway Company, first Resident Engineer under 
Higginson, Chief Engineer, charge the construction the Palmerston- 
Waikanae Section. Referee also reviewed the various plans for the 
water supply and drainage Palmerston North. August, 1889, Mr. Fulton 
was promoted the positions Manager and Locomotive Superintendent 
his brother, the late Fulton. Mr. Fulton took keen interest 
his profession and was ever the alert give his Company the benefit 
his inventions and improvements. was while was the employ the 
Wellington and Manawatu Railway Company that invented and used 
his office telephone switchboard which was attractive piece mechanism, 
simple manipulation, although intricate appearance. was associated 
with the movement introduce from America the first compound locomotives 
that were used New Zealand and that are still running with high efficiency 
the Manawatu Railway. 

Mr. Fulton retired from service with the Railway Company 1897 and 
again entered private practice, undertaking the work designing and build- 
ing the Kelburne Cable Tramway Wellington, which consisted tunnels, 
viaducts, and retaining walls, amounting value more than £30000. 
also designed great many bridges for County Councils and the New Zealand 
Government, and was the Designer and Engineer light railway for the 
Taupo-Totara Timber Company, miles length, which includes the longest 
wooden arch span (234 ft.) any bridge New Zealand. served 
Engineer for the construction the railway for the Tongariro Timber 
Company. 

Mr. Fulton’s death occurred December 1928, after almost year 
failing health. man high attainments his profession and esti- 
mable qualities other respects, his passing was greatly regretted among 
wide circle friends, professional and otherwise, throughout the Dominion. 

was member the Institution Civil Engineers London, Eng- 
land, and its Advisory Committee New Zealand. was also member 
the New Zealand Institute Surveyors, which had served 
President. 
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England. 


Mr. Fulton was elected Member the American Society Civil Engi- 
neers October 1910. 


CHARLES FREDERICK TAYLOR, Am. E.* 


14, 1927. 


Charles Frederick Taylor was born March 27, 1860, Lewiston, Ill. 
was but little lad when his family moved Mooers, Y., small town 
the Northern part the State near the Canadian Border. Here received 
his primary education and later, was prepared enter Syracuse University, 
Syracuse, 

Many amusing incidents are told Mr. Taylor’s early boyhood the 
society his several brothers and sisters. the age four, had occasion 
set forth his first journey train, going way the “Grand Trunk.” 
presented very sad figure when through disobedience lost his hat out 
the car window and for penance was made wear his sister’s bonnet “home 
grandpa’s” 

1880, Mr. Taylor and his brother, Henry Taylor, entered Syracuse 
University, where Mr. Taylor was enrolled for three and one-half years 
student engineering. was graduated the Class 1884 with the 
degree Bachelor Civil Engineering, and also with some months 
special work Rensselaer Polytechnic Institute, Troy, Y., his credit. 
received honorary Civil Engineering Degree from his Alma Mater 
1905. was affiliated with both the Phi Delta Theta and Sigma Psi Frater- 
nities. 

Mr. Taylor’s active professional career included wide variety positions 
and great expanse territory. The majority these engagements are given 
the following brief survey: From July November, 1883, Chainman 
and, afterward, Rodman and Leveler, the construction extension the 
Portland and Ogdensburg Railroad; from July November, 1884, Transit- 
man the construction the Canada Atlantic Railroad; from May, 1885, 
May, 1889, with Moffett, Hodgkins, and Clarke, work including preliminary 
surveys Grenell Island Park near the Thousand Islands and surveys 
Oneida Lake for the Central City Water-Works Company Syracuse; from 
September, 1885, February, 1886, Assistant Superintendent Construc- 
tion for the Newark, Ohio, Water-Works; from May, 1886, January, 1887, 
Construction Engineer the Kankakee, Water-Works; from January 
December, 1887, Inspector pipe laying and similar detail the Canada 
Pipe Foundry for the Belleville, Ont., Canada, Water-Works; from April 
December, 1888, Construction Engineer for the Berlin, Ont., Water-Works 
and, later, with the Coburg, Ont., Water-Works. From May, 1889, Jan- 
uary, 1890, served Division Engineer the construction the Kinder- 


Memoir prepared from information supplied Dr. Henry University the 
State New York, Albany, Y., and Paul Wiant, Am. Soc. 


Memoirs, 


survived his widow, Mrs. Fulton, Wellington, and one 
daughter, who the wife Professor Horton, Holloway College, 
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hook and Hudson Railway from Niverville Stuyvesant Falls, Y.; and 
after January, 1890, Construction Engineer for the entire line far 
Hudson, 

October, 1890, Mr. Taylor entered field service which gave him, per- 
sonally, wide and rich experience his chosen profession. was engaged 
for six years with the Syracuse Water Board charge surveys Skaneatles 
Lake and along the Skaneatles Outlet, and also surveys connected with the 
condemnation proceedings acquire the plant the Water Company, water- 
power rights, etc. Early his association with the Board became Engineer 
Charge City Distribution the Water-Works the City Syracuse. 
His faithful service this employ put him touch with financial backing 
that was itself rare experience. During the last year his service (1896), 
personally supervised the laying miles water mains. 

From 1897 Mr. Taylor acted the capacity Contractor for New 
York State canal construction. During the latter part this period, 
also served Treasurer the Boston Tunnel Construction Company and 
probably the most noteworthy his engineering feats was Section the 
East Boston Tunnel—more than mile length under the harbor. The 
tunnel was constructed “101 ft. below mean-tide level, the side walls and arch 
concrete the largest span ever constructed that date soft materials.” 
remarkable that there occurred “the loss but two human beings 
time when work was abandoned the New York North River and the dead 
had not been removed from the flooded works.” Also, this time, the anthra- 
cite coal strike threatened alarming and continued financial disaster. 

His Boston subway experience fitted Mr. Taylor for under-water work, 


that Engineer Treasurer dredging company operating the 


Hudson Valley. The assembled plant made possible the successful bids for 
about one-third the work enlarging the New York State Canals under 
appropriation $9000000. 1905, Mr. Treasurer and 
Chief Engineer the Seely-Taylor Company, Engineers and Contractors, 
contract for the 30-in. submerged, cast-iron pipe sewer New Rochelle, 
the conclusion this work, became President the Maritime 
Dredging Company New York, and was engaged marine dredging work 
New York Harbor until the close the World War. His headquarters 
New York demanded the presence his family the vicinity, and, after few 
years the city, moved New Rochelle where resided until the death 
his wife the winter 1918. 

After brief rest Clifton Springs, Y., Mr. Taylor again took his 
work, specializing coal investigations, and, this connection, made 
extensive trips through the mining centers the United States. February, 
1919, began the settlement his affairs and time life when most men 
not plan undertake new and untried tasks, offered himself the Board 
Foreign Missions the Methodist Episcopal Church for service any 
foreign field where might needed for building other technical work. 
was accepted early 1922 for short term service Foochow, China. 
The primary purpose this engagement was cover furloughs the then 
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existing staff the Fukien Construction Bureau, organization for doing 
professional work the Fukien Province China. 

Within month after his arrival Foochow, was given full charge 
extensive building program, which was able manage very successfully, 
due his extremely broad experience the handling materials and men. 
constructed several notable buildings this far distant country, which will 
stand for generations monument his energy. 

Mr. Taylor’s term was have been for three years, but this was extended 
five, and would have been longer had not been for local conditions which 
make all forms building work dwindle insignificant proportions during 
various intervals. spent his month’s vacation annually travel. The 
first journey 1923 Northern China covered 3000 miles; the second 
1924 through China, Korea, and Japan, 000 miles; the third 1925 Hong- 
kong and The Philippines, 500 miles; and the fourth 1926 Chung King, 
West China, 4000 miles. 

When his work was completed Foochow December, 1926, set out 
his fifth and last journey, which was leisurely trip around the world, 
with the intention stopping whatever place might find something use- 
ful and worth while do. had traveled through the Straits Settlements, 
India, many the East India Islands, Australia, and parts South and 
Central Africa, when was overtaken illness Old Umtali, South 
Rhodesia. The end came very suddenly and peacefully, August 14, 1927, 
while was sitting chair reading paper, apparently without the least 
premonition that death was near. His illness, which thought only 
slight, proved myocarditis, and was fatal. few days before died, 
had received cable asking him proceed Monrovia, Liberia, construct 
school building for the Methodist Mission Board, which was preparing 
accept. 

Mr. Taylor was good business man and very honorable and upright all 
his dealings. was most painstaking and thorough, and never considered his 
work finished until was done right. had many those qualities 
geniality and brotherliness which made his friends think highly him. 
his outstanding character made very strong impression the Chinese 
community which had lived for five years. 

letter from Mr. Gates, Old Umtali, Dr. Taylor, Durban, 
South Africa, his nephew, bears the following message which tells the affec- 
tionate memory which Mr. Taylor held: 

“Our hearts were very heavy over the sudden death our brother mission- 
ary who had recently come among us, and who had won our affection and 
esteem. Among other traits, especially admired his high code honor. 
But all felt glad that since died his journeys that least could 
die among friends and buried mission land where his grave can looked 
after and his name kept memory.” 

Mr. Taylor was married March 27, 1888, Emma Gibbs, Hamilton, 
Ont., Canada, whose death preceded that her husband. survived 
two brothers, the Rev. Taylor, Los Angeles, Calif., and Dr. Henry 
Taylor, Albany, Y., and two sisters. 

Mr. Taylor was elected Associate Member the American Society 
Civil Engineers September 1895, and Member April 1905. 
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WILLIAM HENRY WARREN, Am. E.* 


January 1926. 


William Henry Warren, whose life was intimately associated with the 
development engineering education Australia, was born Bristol, Eng- 


land, February 1852, the year that also saw the birth the 


Society Civil Engineers, institution for whose work and publications 
always expressed the most profound admiration. was, indeed, one 
Professor Warren’s striking characteristics that, although private life 
somewhat vehemently Britisher, yet, matters affecting the Engi- 
neering Profession, was whole-souled Internationalist. his classes 
always spoke enthusiastically the achievements American engineers and 
especially the great bridge builders, some whom were his warm friends. 
maintained correspondence not only with several the leading engineers 
his own land, but also with many the different countries Europe, 
especially with men engaged his favorite study—the investigation the 
properties materials construction. Thus, his mind, such happening 
the dissolution the International Association for Testing Materials fol- 
lowing indirect consequence the World War could seem nothing less 
than tragedy. 

William Henry Warren was one the numerous company young Eng- 
lishmen his generation, who felt that the Colonies their Motherland 
would found wider field and ampler scope for their energies and ambi- 
tions. His early training Civil Engineer was the fairly customary one 
the Sixties England. those days there were, course, practically 
engineering colleges understood to-day. lad obtained the elements 
his professional knowledge under articles indenture some engineering 
office works. Young Warren left school soon after was years age 
and entered six years’ pupilage the London and North Western Railway 
Works, Crewe, England. During this period passed through the various 
departments this famous Railway Company under the direction, first, 
Mr. Ramsbottom and afterward Mr. Webb, both whom were 
among the best-known the British railway men those days. 

next spent three years attending ordinary collegiate courses study 
pure and applied science London and Manchester, England, and 
achieved worthy list distinctions the various examinations. Among 
other honors was awarded Royal Exhibition, Whitworth Scholarship, and 
the Society Arts First Prize and Scholarship. Then, possessing good 
foundation both knowledge and workshop practice, Mr. Warren 
devoted six years accumulating experience the design and construction 
various works the north England, the most important them being 
the large Municipal Gas Works Manchester. This enterprise was, for its 
date, very notable undertaking, and Mr. Warren, who acted the capacity 
Designing and Supervising Engineer for the contracting firm, always looked 


prepared Sir Henry Barraclough, Dean the Eng. Faculty, Univ. 
Sydney, Sydney, W., Australia. 
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his most valuable piece training and concluding the “journeyman” 
period his life, after which was ready devote the remainder what- 
ever might happen the ultimate task which was called. little 
thought, the time, that this task was chiefly the education students 
for the Engineering Profession. 

was 1881 that Mr. Warren finally left England and took what 
was his permanent residence Sydney, New South Wales, Australia. 
Here, immediately obtained position the Public Works Department 
the State and, the same time, undertook the evenings the direction 
the Department Mechanical Engineering the Sydney Technical College. 
Toward the end 1883 the appointment Lecturer-in-Charge the newly 
established Department Engineering the University Sydney was 
offered him, and thus began the long period University service which 
closed only few days before his death. 

view Professor Warren’s retirement from the Russell School 
Engineering New Year’s Day, 1926, the Governing Council the Uni- 
versity Sydney formally adopted the following resolution, which conve- 
niently summarizes his life’s work and reputation: 


“The Senate, having accepted with great regret, the resignation offered 
Professor Warren, LL.D., the Chair Engineering, from 
December 31st, 1925, hereby appoints him Emeritus Professor Engineering 
from January 1926. 

“At the date his retirement Professor Warren will have completed 
years the service the University, them Professor Engineering, 
this being the longest occupancy any Professorial Chair the history 
the University since its foundation. Included this period were terms 
office Chairman the Professorial Board, Dean the Faculty 
Science, and the First Dean the recently established Faculty Engi- 
neering. Professor Warren has been associated with the Department 
Engineering from its earliest beginnings its present recognised position 
one the leading Schools Engineering the British Empire. His devo- 
tion the task building sound systems Engineering teaching and 
research Australia, and his enthusiasm helping adequately develop 
the Engineering Profession, have made his name household word amongst the 
Engineers the Commonwealth. 

“Particularly connection with the testing and investigation the mate- 
rials construction, Professor Warren has greatly enhanced the reputation 
the University. his unremitting labours this direction for nearly 
forty years the University now possesses magnificent laboratory for the test- 
ing materials, and his industry and energy carrying out researches 
into our natural supplies building materials, Professor Warren has added 
greatly the industrial resources the country. 

“The Senate trusts that Professor Warren may live long enjoy his 
leisure and aid his sympathy and advice the labours those who follow 


after him.” 

This wish the part the Senate was not realized. Although 
arrangements had been made for Professor Warren retain his old room 
the University where might his technical writing—a plan that caused 
him much satisfaction—it was decreed that should not return there again. 
The long vacation (of the Southern Hemisphere) had scarcely begun when 
the University was startled his unexpected death. His end came suddenly 
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and without pain distress January 1926, while was talking 
friend his own Elizabeth Bay, Sydney. 

those who knew him intimately there was something fitting, something 
almost characteristic, his end. finished his work turned 
promptly the next thing, was his customary way. Promptness was 
Professor Warren cardinal virtue. Procrastination and unpunctuality were 
failings his. his colleagues often had notice, when 
letter his desk was opened and read, his hand instinctively reached toward 
sheet paper and pen begin the reply—he wrote almost all documents 
hand the University, rarely dictating anything. The only hopeful way 
tempting him occasion delay dealing instantly with paper was 
offer draft the reply for him; cheerfully and gratefully admitted the 
seductiveness this method when the subject-matter permitted it. This plan 
allowing one more his colleagues draft document for his consid- 
eration, especially where affected the Engineering Faculty large, became 
one the recognized methods which, his later years, was adopted gen- 
eral consent. 

Within these few lines detailed account possible Professor War- 
ren’s professional achievements, his services the community Royal 
Commissions inquiry, and the Councils scientific and technical Socie- 
ties, nor his work the Engineering the University 
Sydney. From his colleagues and brother engineers his labors received ample 
recognition. several years represented Australia the Council 
the Institution Civil. Engineers (England); was elected the first 
President the Institution Engineers, Australia, and twice was President 
the Royal Society New South Wales; the distinction that gratified him 
more than any other was the honorary degree Doctor Laws conferred 
him the University Glasgow. 

was the author many technical papers and reports, but was prob- 
ably best known his two-volume textbook “Engineering Construction, 
Part Steel and Timber; Part Masonry and Concrete,” which has 
obtained wide circulation. His investigation work was confined almost 
entirely the study construction materials. The equipment the Uni- 
versity Laboratory for the testing materials was one his chief pre- 
occupations. Even times was thought some spending too 
large proportion available funds equipment for this Laboratory, his 
efforts resulted getting together magnificent collection testing machines 
and measuring apparatus culled from the standard types the different 
nations. 

During his forty-three years service Professor Warren had seen his 
Department grow from two rooms, its quarters, and himself the entire 
Teaching Staff, large Faculty Professors and Lecturers, and range 
laboratories that have few equals the Engineering Schools the British 
Empire. These things gave him immense and undisguised Every 
made the School (against what, especially the earlier and middle 
years, regarded neglect and opposition) caused him exult greatly. The 
Engineering School the University was his chief hobby well his task. 
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Perhaps, indeed, not inaccurate state that Professor Warren’s atti- 
tude, generally, life was the amiable one the “hobby-ist”. had definite 
limitations, or, perhaps, more accurately, deliberately limited his activities 
those things which was naturally and keenly interested, and was 
somewhat impatient the others. One can rarely remember seeing him 
work anything for which did not seem have zest. was the same 
his spare hours; all his friends well know, then devoted himself with 
equal enthusiasm his three hobbies—golf, prize bulldogs, and music, espe- 
cially singing. His knowledge operatic music was surprise many pro- 
fessional singers. His remarkably trained voice and the obvious enjoyment 
with which would let himself persuaded sing series songs, will 
long pleasant tradition. 

His most striking quality was very human one—people felt there 
was something about him “you could not help liking.” was this personal 
quality, perhaps, that gave him many friends, even among men with whom 
had strong differences opinion and active controversy, and that made him 
popular with the graduates and undergraduates the Engineering School. 
The student who first called him “Bill,” and the occasion for the remark, are 
not recorded, but they belong the very early days the School. The name 
gathered atmosphere affection and respect with each succeeding genera- 
tion students, and addressed always was festive occasions, 
gave the “Professor Engineering” genuine satisfaction. 

proverbially difficult merit one’s epitaph, but Professor Warren 
was not entirely unworthy the motto his family crest inscribed 
memorial tablet erected his memory English church where was 
once choir boy—Cadenti porrigo dextram. Especially among his old students 
are there men who realize that his cordial right hand did them many kind 
turn. 

For the earlier graduates Engineering, for many men scattered engi- 
neering positions over the surface the globe, well for those who, like 
the writer, have long been his colleagues, difficult think the Engineer- 
ing School Sydney apart from Professor Warren. are conscious 
element astonishment the idea the School without him. find 
hard imagine laboratories and lecture rooms which his familiar figure 
does not come and go. was, with us, the Engineering School 

having lived thus long, there seemed 
need the King should ever die.” 

The Russell School Engineering with which Professor Warren was 
intimately associated was setting off afresh the year left it. New buildings 
were coming, additional laboratories were project, and larger staff called 
for. The School’s long future will, doubtless, greater achievement than 
its past, but other period can equal romantic interest its first forty 
years, and single individual will ever uniquely identified with its 
development its first and (as turned out) its only “Professor Engi- 
neering.” 

Professor Warren was elected Member the American Society Civil 
Engineers February 1890. 
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